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^■(g) This invention discloses a new tissue plasminogen activator which has strong activity for converting 
^ plasminogen into plasmin that degrades the fibrin network of blood clot to form soluble products and therefore is 
q useful as a thrombolytic agent, a DNA sequence encoding amino acid sequence of it, a process for producing it 
CO and a pharmaceutical composition comprising it. 
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NEW TISSUE PLASMINOGEN ACTIVATOR 

This invention relates to a new tissue plasminogen activator. More particularly, it relates to a new tissue 
plasminogen activator which has strong activity for converting plasminogen into plasm in that degrades the 
fibrin network of blood clot to form soluble products and therefore is useful as a thrombolytic agent, to DNA 
sequence encoding amino acid sequence of it, to a process for producing it and pharmaceutical composi- 
s tion comprising it. * -^f 

The whole amino acid sequence and structure of a native human "tissue plasminogen activator" 
(hereinafter referred to as "t-PA") and DNA sequence coding for it derived from a human melanoma cell 
(Bowes) have already been clarified by recombinant DNA technology [Cf. Nature 301 , 214 (1983)]. 

However, the native t-PA obtained by expressing DNA encoding amino acid sequence of the native t-PA 
70 in E. coli can hardly be refolded and therefore only an extremely small quantity of the active t-PA can be 
recovered from the cultured cells of the E. coli . 

From the results of various investigations, inventors of this invention succeeded in producing new t-PA 
which is well refolded, even in a form of the resultant product obtained from the E. coli cells to give an 
active t-PA. and display a longer half-life and has a stronger thrombolytic activity than the native t-PA. 
is The new t-PA of this invention may be represented by the following amino acid sequence (I) as its 
primary structure. 

180 190 
R-GluGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGlyThrHisSer 

200 210 
LeuThrGluSerGlyAlaSerCysLeuProTrpAsnSerMetlleLeuIleGlyLysVal 

220 230 
TyrThrAlaGlnAsnProSerAlaGlnAlaLeuGlyLeuGlyLysHisAsnTyrCysArg 

240 250 
AsnProAspGlyAspAlaliysProTrpCysHisValLeuIiysAsnArgArgLeuThrTrp 
30 260 270 

GluTyrCysAspValProSerCysSerThrCysGlyLeuArgGln- Y— 

277 280 , 290 

35 ^X-GlyGlyLeuPheAlaAspIleAlaSerHisProTrpGlnAlaAlalle 

300 310 
PheAlaLysHisArgArgSerProGlyGluArgPheLeuCysGlyGlylleLeuIleSer 

320 330 

SerCysTrpIleLeuSerAlaAlaHisCysPheGlnGluArgPheProProHisHisLeu 

340 350 

ThrVallleLeuGlyArgThrTyrArgValValProGluGluGluGluGlnLysPheGlu ) 

360 370 

ValGluLysTyrlleValHisLysGluPheAspAspAspThrTyrAspAsnAspIleAla 

50 



25 



40 



45 
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20 



380 390 
LeuLeuGlnLeuLysSerAspSerSerArgCysAlaGlnGluSerSerValValArgThr 
5 400 410 

ValCysLeuProProAlaAspLeuGlnLeuProAspTrpThrGluCysGluLeuSerGly 

420 430 
10 TyrGlyLysHisGluAlaLeuSerProPheTyrSerGl\iArg3|feuLysGluAlaHisVal 

440 450 
ArgLeuTyrProSerSerArgCysThrSerGlnHisLeuLexxAsnArgThrValThrAsp 

460 470 
AsnMetLeuCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeuHisAspAla 

480 490 
CysGlnGlyAspSerGlyGlyProLeuValCysLeuAsnAspGlyArgMetThrLeuVal 

500 510 
GlyllelleSerTrpGlyLeuGlyCysGlyGlnLysAspValProGlyValTyrThrLys 

520 527 
25 ValThrAsnTyrLeviAspTrpIleArgAspAsnMetArgPro 

92 100 
wherein R is Ser- or CysTyrGluAspGlnGlylleSerTyrArgGlyThrTrp 

110 120 
SerThrAlaGluSerGlyAlaGluCysThrAsnTrpAsnSerSerAlaLeuAlaGlnLys 

130 140 
ProTyrSerGlyArgArgProAspAlalleArgLeuGlyLeuGlyAsnHisAsnTyrCys 

150 160 
ArgAsnProAspArgAspSerLysProTrpCysTyrVarPheLysAlaGlyLysTyrSer 

170 174 
SerGluPheCysSerThrProAlaCysSer- 



30 



35 



40 



45 



SO 



55 



X is -Lys*. -lie- or bond and 

Y is -TyrSerGlnProGlnPheArglle-, -TyrSerGInProGlnPheAsplfe-, -TyrSerGlnProlleProArgSer- or - 
ThrLeuArgProArgPheLyslle-. 

[The numbering of the amino acid sequences of the t-PA is according to that described in Nature 301 , 217 
(1983)] 

In the above amino acid sequence, Asn 18 *. Asn 218 and Asn 4 * 8 may be glycosylated depending on the 
nature of host cellular environment in the process for the preparation thereof by recombinant DNA 
technology. 

In this specification, the following code names are conveniently employed for the new t-PAs of this 
invention. 
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TTktPA 

In the above amino acid sequence {!). R is Ser-, X is -Lys- and Y is -TyrSerGlnProGInPheArgile-. 

5 

TTitPA 

In the above amino acid sequence (l), R is Ser-, X is -He- and Y is -TyrSejGiyroGInPheArglle-. 

10 

TQitPA 

In the above amino acid sequence (l) f R is the residues labelled Cys 32 to Ser 7 *- of the native tPA, X is 
-He- and Y is -TyrSerGlnProGInPheArgile-. 

75 

* TQktPA 

in the above amino acid sequence (I). R is the residues labelled Cys 92 to Ser l7d - of the native tPA, X is 
20 -Lys- and Y is -TyrSerGlnProGInPheArgile-. 

STTktPA 

25 In the above amino acid sequence (I), R is Ser-, X is -Lys- and Y is -TyrSerGlnProGInPheAsplle-, 



STQktPA 

30 In the above amino acid sequence (I), R is the residues labelled Cys 32 to Ser' 71 - of the native tPA. X is 

-Lys- and Y is -TyrSerGlnProGInPheAsplle-. 



STQitPA 

35 

In the above amino acid sequence (I), R is the residues labelled Cys 92 to Ser 174 of the native tPA. X is 
-He- and Y is -TyrSerGlnProGInPheAsplle-. «• 



40 thTTtPA 

In the above amino acid sequence (I), R is Ser-, X is bond and Y is -TyrSerGlnProlleProArgSer- 
4 $ uTTtPA 

In the above amino acid sequence (I), R is Ser-, X is -Lys- and Y is -ThrLeuArgProArgPheLysIIe- 
The native t-PA is a single chain serine protease which is converted to a 2-chain form, heavy and light 
chains, linked by single disulfide bond with plasmin. The light chain (L) is a protease domain and therefore 
so contains the active-site of the enzyme. The heavy chain (H) has a finger domain (F) (having homology to 
fibronectin), a growth factor domain (E) (homologous to epidermal growth factor) and two kringles (i.e. 
kringle 1 and kringie 2 domains; Kt and K 2 ) having triple disulfide bonds. Accordingly, the native t-PA is 
composed of five functional domains F, E, Ki, K 2 and L [Cf. European Patent Application laid open No. 
0196920 and Proc. Nat!. Acad. Sci. USA 83 4670 (1986)]. 
55 Therefore, it is to be understood that this invention also provides 

(1) finger and growth factor domains lacking t-PA without glycosyfation and 
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(2) finger and growth factor domains lacking t-PA essentially free from other proteins of human and 
animal origin. 

The above-defined t-PA includes t-PA essentially consisting of kringfe 1 and kringle 2 domains of the 
heavy chain and the light chain of the native t-PA, and a t-PA prepared by deletion or substitution of the 
5 amino acid sequence of said t-PA (e.g. t-PA essentially consisting of kringle 2 domain of the heavy chain 
and the light chain of the native t-PA. the above-exemplified t-PAs in which Lys 277 is substituted with lie 277 , 
and/or Arg 275 is substituted with Gly 275 , Glu 275 , Asp 275 , etc.). 

The new t-PA of this invention can be prepared by recombinant DNA technology and polypeptide 
synthesis, 

io Namely, the new t-PA of this invention can be prepared by culturing a^fost cell transformed with an 
expression vector comprising DNA encoding an amino acid sequence of the new t-PA in a nutrient medium, 
and recovering the new t-PA from the cultured broth. 

In the above process, particulars of which are explained in more detail as follows. 

The host cell may include a microorganism [bacteria (e.g. Escherichia coli t Bacillus subtilts , etc.), yeast 

75 (e.g. Saccharomyces cerevisiae , etc.)], cultured human and animal cells (e.g. CHO cell. L929 cell, etc.) and 
cultured plant cells. Preferred examples of the microorganism may include bacteria, especially a strain 
belonging to the genus Escherichia (e.g. E. coli HB 101 ATCC 33694. E. coli HB 101-16 FERM BP-1872. E. 
coli 294 ATCC 31446, E. coli x 1776 ATCC 31537, etc.), yeast, animal cell lines(e.g. mouse L929 cell, 
Chinese hamster ovary(CHO) cell, etc.) and the like. 

20 When the bacterium, especially E. coli is used as a host cell, the expression vector is usually 
comprising at least promoter-operator region, initiation codon, DNA encoding the amino acid sequence of 
the new t-PA, termination codon, terminator region and replicatable unit. When yeast or animal cell is used 
as host cell, the expression vector is preferably composed of at least promoter, initiation codon, DNA 
encoding the amino acid sequence of the signal peptide and the new t-PA and termination codon and it is 

25 possible that enhancer sequence, 5'- and 3-noncoding region of the native t-PA, splicing junctions, 
polyadenylation site and replicatable unit are also inserted into the expression vector. 

The promoter-operator region comprises promoter, and Shine-Dalgarno (SD) sequence (e.g. AAGG, 
etc.) Examples of the promoter-operator region may include conventionally employed promoter-operator 
region (e.g. lactose-operon. PL-promoter, trp-promoter, etc.) and the promoter for the expression of the new 

30 t-PA in mammalian cells may include HTLV-promoter, SV40 early or late-promoter, LTR-promoter, mouse 
metal tothionein i(MMT)-promoter and vaccinia-promoter. 

Preferred initiation codon may include methionine codon (ATG). 

The DNA encoding signal peptide may include the DNA encoding signal peptide of t-PA. 

The DNA encoding the amino acid sequence of the signal peptide or the new t-PA can be prepared in a 
35 conventional manner such as a partial or whole DNA synthesis using DNA synthesizer and/or treatment of 
the complete DNA sequence coding for native or mutant t-PA inserted in a suitable vector (e.g. pTPA21, 
pTPA25, pTPA102, p51H, pN53 % pST1 12, etc.) obtainable from a transformant [e.g. B coli LE 392X* - 
(pTPA21), E. coli JA 221 (pTPA 25) ATCC 39808, E. coli J A 221 (pTPA 102) (Lys 277 - lie) ATCC 39811, 
E. coli JM109(p51H) FERM P-9774, E. coli JM109(pN53) FERM P-9775, E. coli DH-1(pST112) FERM BP- 
40 1966, etc.], or genome in a conventional manner (e.g. digestion with restriction enzyme, dephosphorylation 
with bacterial alkaline phosphatase, ligation using T4 DNA ligase). 

The termination codon(s) may include conventionally employed termination codon (e.g. TAG, TGA, 
etc.). 

The terminator region may contain natural or synthetic terminator (e.g. synthetic fd phage terminator, 
45 etc.). 

The replicatable unit is a DNA sequence capable of replicating the whole DNA sequence belonging 
thereto in the host cells and may include natural plasmid, artificially modified plasmid (e.g. DNA fragment 
prepared from natural plasmid) and synthetic plasmid and preferred examples of the plasmid may include 
plasmid pBR 322 or artificially modified thereof (DNA fragment obtained from a suitable restriction enzyme 
so treatment of pBR 322) for E. coli, plasmid pRSVneo ATCC 37198, plasmid pSV2dhfr ATCC 37145 plasmid 
pdBPV-MMTneo ATCC 37224. plasmid pSV2neo ATCC 37149 for mammalian cell. 

The enhancer sequence may include the enhancer sequence {72 bp) of SV40. 

The polyadenylation site may include the polyadenlation site of SV40. 

The splicing junction may include the splicing junction of SV40. 
55 The promoter-operator region, initiation codon, DNA encoding the amino acid sequence of the new t- 
PA. termination codon(s) and terminator region can consecutively and circularly be linked with an adequate 
replicatable unit (plasmid) together, if desired using an adequate DNA fragment(s) (e.g. linker, other 
restriction site, etc.) in a conventional manner (e.g. digestion with restriction enzyme, phosphorylation using 
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T4 polynucleotide kinase, ligation using T4 DNA-ligase) to give an expression vector. When mammalian cell 
line is used as a host cell, it is possible that enhancer sequence, promoter, 5 -noncoding region of the 
cDNA of the native t-PA, initiation codon, DNA encoding amino acid sequences of the signal peptide and 
the new t-PA, termination codon(s), 3 -noncoding region, splicing junctions and poiyadenlation site are 
5 consecutively and circularly be linked with an adequate replicatabie unit together in the above manner. 

The expression vector can be inserted into a host cell. The insertion can be earned out in a 
conventional manner (e.g. transformation including transfection. microinjection, etc.) to give a transformant 
including transfectant. 

For the production of the new t-PA in the process of this invention ,^»us obtained transformant 

70 comprising the expression vector is cultured in a nutrient medium. 

The nutrient medium contains carbon source(s) (e.g. glucose, glycerine, mannitol. fructose, lactose, 
etc.) and inorganic or organic nitrogen source(s) (e.g. ammonium sulfate, ammonium chloride, hydrolysate 
of casein, yeast extract, polypeptone, bactotrypton, beef extracts, etc.). If desired, other nutritious sources 
[e.g. inorganic salts (e.g. sodium or potassium biphosphate. dipotassium hydrogen phosphate, magnesium 

75 chloride, magnesium sulfate, calcium chloride), vitamins (e.g. vitamin Bl). antibiotics (e.g. ampicillin) etc.] 
may be added to the medium. For the culture of mammalian cell, Dulbecco's Modified Eagle's Minimum 
Essential Medium(DMEM) supplemented with fetal calf serum and an antibiotic is often used. 

The culture of transformant may generally be carried out at pH 5.5 - 8.5 (preferably pH 7 - 7.5) and 18 - 
40* C (preferable 25 -38* C) for 5-50 hours. 

20 When a bacterium such as E. coli is used as a host cell, thus produced new t-PA generally exists in 
cells of the cultured transformant and the cells are collected by filtration or centrifugation, and cell wall 
and/or ceil membrane thereof are destroyed in a conventional manner (e.g. treatment with super sonic 
waves and/or lysozyme, etc.) to give debris. From the debris, the new t-PA can be purified and isolated in a 
conventional manner as generally employed for the purification and isolation of natural or synthetic proteins 

25 [e.g. dissolution of protein with an appropriate solvent (e.g. 8M aqueous urea. 6M aqueous guanidium salts, 
etc.), dialysis, gel filtration, column chromatography, high performance liquid chromatography, etc.]. When 
the mammalian cell is used as a host cell, the produced new t-PA is generally exist in the culture solution. 
The culture filtrate (supernatant) is obtained by filtration or centrifugation of the cultured broth. From the 
culture filtrate, the new t-PA can be purified in a conventional manner as exemplified above. 

30 It may be necessary to obtain the active t-PA from the cell debris of bacteria in the above case. For 
refolding of thus produced new t-PA, it is preferably employed a dialysis method which comprises, 
dialyzing a guanidine or urea solution of the new t-PA in the presence of reduced glutathione (GSH) and 
oxidized glutathione (GSSG) at the same concentration of glutathiones inside and outside of semipermeable 
membrane at 4 - 40 * C for 2 - 60 hours, in this method, the concentration of the glutathiones is preferably 

35 more than 2mM and the ratio of reduced glutathione and oxidized glutathione is preferably 10:1. Further, the 
glutathiones can be replaced with cysteine and cystine in this method. These method can be preferably 
used for refolding of all the t-PA including native t-PA produced by DNA recombinant technology. 

The new t-PA of this invention is useful as a thrombolytic agent for the treatment of vascular diseases 
(e.g. myocardial infarction, stroke, heart attack, pulmonary embolism, deep vein thrombosis, peripheral 

40 arterial occlusion, etc.). The new t-PA of this invention in admixture with pharmaceutical^ acceptable 
carriers can be parenterally to mammals including human being in a form of a pharmaceutical composition 
such as infusion. 

The pharmaceutically acceptable carriers may include various organic or inorganic carrier materials 
conventionally employed in the preparation of pharmaceutical composition comprising a peptide or protein 
45 (e.g. serum albumin etc.). 

A dosage of the new t-PA of this invention is to be varied depending on various factors such as kind of 
diseases, weight and/or age of a patient, and further the kind of administration route. 

The optimal dosage of the new t-PA of this invention is usually selected from a dose range of 0.1 - 
I0mg/kg/day by injection or by infusion, 
so The total daily amount mentioned above may divisionally be given to the patient for several hours. 

Mono(or di. or tri)mer (of oligonucleotides) can be prepared by, for examples the Hirose's method [Cf. 
Tanpakushitsu Kakusan Kohso 25, 255 (1980)] and coupling can be carried out. for examples on cellulose 
or polystyrene polymer by a phosphotriester method [Cf. Nucleic Acid Research. 9 1691 (1981).. Nucleic 
Acid Research 10. 1755 (1982)]. 
55 Brief explanation of the accompanying drawings is as follows. 

Figure 1 shows construction and cloning of plasmid pHVBB. 
Figure 2 shows construction and cloning of plasmid pCLiPAxtrp. 
Figure 3 shows DNA sequence of Bgill DNA fragment (1974 bp). 
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Figure 4 shows construction and cloning of plasmicl pCLiPAAxtrp. 

Figure 5 shows construction and cloning of plasmid pTQiPAAtrp. 

Figure 6 shows construction and cloning of plasmid pTA9004. 

Figure 7 shows construction and cloning of piamid pTTkPAAtrp. 

Figure 8 shows DNA sequence of EcoRI DNA fragment (472 bp) and 

Figure 9 shows construction and cloning of pTTiPAAtrp. 

Figure 10 shows construction and cloning of plasmid pTQkPAAtrp. 

Figure 1 1 shows construction and cloning of plasmid pMH9003. 

Figure 12 shows construction and cloning of plasmid psTTktrp. 

Figure 1 3 shows construction and cloning of plasmid pZY. *" * 

Figure 1 4 shows construction and cloning of plasmid pSTQitrp. 

Figure 1 5 shows construction and cloning of plasmid pSTQktrp. 

Figure 16 shows construction and cioning of plasmid pMH9006. 

Figure 17 shows construction and cloning of plasmid pthTTtrp. 

Figure 18 shows construction and cloning of plasmid pMH9007. 

Figure 1 9 shows construction and cloning of plasmid puTTtrp. 

Figure 20 shows construction and cloning of plasmid pST1 1 8. 

Figure 21 shows cDNA sequence of a native t-PA in PST112. 

Figure 22 shows construction and cloning of plasmid pmTGk118 

Rgure 23 shows construction and cloning of plasmid pmTQk112. 

Figure 24 shows construction and cloning of plasmid pHS9006, 

Rgure 25 shows construction and cloning of plasmid pHS3020. 

Figure 26 shows construction and cioning of plasmid pmTTk. 

Figure 27 shows construction and cloning of plasmid pMH3025. 

Rgure 28 shows construction and cloning of plasmid pmSTTk. 

Rgure 29 shows DNA sequence of coding region in pTTkPAAtrp. 

Figure 30 shows DNA sequence of coding region in pTTiPAAtrp. 

Rgure 31 shows DNA sequence of coding region in pTQkPAAtrp. 

Figure 32 shows DNA sequence of coding region in pTQiPAAtrp. 

Rgure 33 shows DNA sequence of coding region in pSTTktrp. 

Rgure 34 shows DNA sequence of coding region in pSTQktrp. 

Rgure 35 shows DNA sequence of coding region in pSTQitrp 

Rgure 36 shows DNA sequence of coding region in puTTtrp. 

Rgure 37 shows DNA sequence of coding regiorf in pthTTtrp. 

Rgure 38 shows DNA sequence of coding region in pmTQk1l2. 

Figure 39 shows DNA sequence of coding region in pmTTk. 

Figure 40 shows DNA sequence of coding region in pmSTTk. 
The following Examples are give for the purpose of illustrating this invention, but not limited thereto. 
In the Examples, ail of the used enzymes (e.g. restriction enzymS, bacterial alkaline phosphatase. T4 
DNA ligase) are commercially available and conditions of usage of the enzymes are obvious to the person 
skilled in the art, for examples, referring to a prescription attached to commercially sold enzymes. 
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Example 1_ (Synthesis of oligonucleotides) 

The following oligonucleotides were prepared in a conventional manner described as mentioned above. 

5 

1) For pHVBB 



10 



15 



20 



4$ 



SO 



(Hindlll) (Eco RV) ( Bgl ll) (SamHI) 

LysLeuGlnAspIleGluGlyArgSer 

|^ — HP1 0 5|« PH7 ^ 

AGCTTCAGGATATCGAAGGTAGATCTG 

AGTCCTATAGCTTCCATCTAGACCTAG. 
K HP11 >U HP9 »[ 



HP10; AG— CTT— CAG— GAT 
HP 7 ; ATC-GAA-GGT-AGA-TCT-G 
EP11; C-GAT-ATC-CTG-A 
25 HP 9 ; GA-TCC-AGA-TCT-ACC-TT 

2) For pTQiPAAtrp and pTQkPAAtrp 

30 £ 1 

( Clal) ^MetCys^TyrGlu (Avail) 
j< — KP23->|^— HF24 — >| 
CGATAAAATGTGTTATGAG 
35 TATTTTACACAATACTCCTG 



TATTTTACACAATACTCCTG 
U HP25-»K HP26 J 



40 HP23; C — GAT —AAA- AT 

HP24 ; G-TGT— TAT-GAG 

HP25; ACA— CAT - TTT — AT 

HP26 ; GTC— CTC-ATA 



Cys 1 of TQitPA or TQktPA is corresponding to Cys 32 of the native t-PA reported in Nature 301 , 214 
(1983). 



55 



8 
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3) For pTTkPAAtrp and pTTiPAAtrp 



(Clal) 



f, 



'MetSer 



1 



(DdeJ) 



HP31 *| 



CGATAAAATGTC 
TATTTTACAGACT 
l<— HP32 d 



HP31; 
HP32; 



TC-AGA-CAT-TTT-AT 



C-GAT-AAA-ATG-TC 



Ser 1 of TTktPA or TTitPA is corresponding to Ser 174 of the native t-PA reported in Nature 301^ 214 
(1983). 



Example 2 (Construction and cloning of piasmid pHVBB) 
(as illustrated in Fig. 1) 

Oligodeoxyribonucieotides HP7 and HP11 (0.2 nmole of each.see: Example were phosphorylated 
in 20ul of a ligation buffer (1 mM ATP, 50 mM tris-HCI (pH 7.6), 10 mM MgCI 2 , 20 mM dithiothreitol, 1 mM 
spermidine, 50 ug/ml bovine serum albumin) with 2.5 units of T4 polynucleotide kinase (Takara Shuzo) at 
37 °C for 1 hour. After heat inactivation of the enzyme, other oligodeoxyribonucieotides HP10 and HP9 (0.4 
nmole of each), mi of 20 mM ATP and 900 units of T4 DNA ligase (Takara Shuzo) were added to the 
reaction mixture. The resultant mixture was incubated at 15° C for 30 minutes to give the crude 27bp DNA 
fragment. 

On the other hand, pCLaHtrp3t (an experssion vector for a-hANP, the preparation of which is described 
in European Patent Application Laid open No. 0206769) was digested with Bam Ht and Hindlll. The resulting 
4137 bp DNA fragment was isolated by 0.8% agarose gel electrophoresis, and ligated to the crude 27 bp 
DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform E. coli DH-1 
[Cf. Maniatis. T. et al., Molecular cloning p.505 (1982), Cold Spring Harbor Laboratry (New York)]. From one 
of the ampicillin resistant transformants, the desired piasmid pHVBB (4164bp) was isolated and character- 
ized by restriction endonuclease (Bqlll, Eco RV. Pstl, Hindlll and Bam HI) digestion. 

Example 3 (Construction and cloning of piasmid pCLiPAxtrp) 
(as illustrated in Fig. 2) 

pHVBB was digested with BgllL The resulting 4164 linear DNA was incubated with bacterial alkaline 
phosphatase (Takara Shuzo) in 200 mM Tris-HCI (pH 8.0) at 37" C for 1 hour to dephosphorylate the both 
5 ends of the DNA. The resulting DNA was isolated by 5% polyacryiamide gel electrophoresis (PAGE). 

On the other hand, pTPA 102 (Lys 277 — lie) [an expression vector for a mutant t-PA (Lys 277 lie), a 
transformant comprising the same. E. colt JA 221 (pTPA 102 (Lys 277 — - He) ATCC 39811] was digested with 
Bgl ll and the 1974bp DNA fragment (DNA sequence of which is shown in Fig. 3) was isolated. The fragment 
was ligated to the 4164 bp Bglll DNA fragment in the presence of T4 DNA ligase. After transformation of 
E.coli MM294 ATCC 33625, an ampicillin resistant transformant carrying the desired piasmid pCUPAxtrp 
(6138 bp), into which the 1974 bp t-PA gene was inserted in a clockwise direction under the down stream of 
the peptide CLa gene, was obtained. pCLiPAxtrp was characterized by restriction endonuclease ( Pvu ll, 
Eco RI and Bgl ll) digestion. 
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Example 4 (Construction and cloning of plasmid pCLiPAAxtrp) 
(as illustrated in Fig. 4) 

pCLiPAxtrp was digested with Bam HI and Sac t and the resultant 5388 bp DNA fragment was isolated. 
5 On the other hand. pCLiPAxtrp was digested with Sau 3AI and Sac l. The resultant 389 bp DNA fragment was 
ligated to the 5388 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to 
transform & coli DH-1. From one of the ampicillin resistant transform ants, the desired plasmid pCLiPAAxtrp 
(5777 bp) was isolated and was characterized by restriction endonuclease (Clal, EcoRI. Xho l, Nar l and Sac l) 
digestion. 

70 

Example 5 (Construction and cloning of plasmid pTQiPAAtrp) 
(as illustrated in Fig. 5) 

is pTPAl02 (Lys 277 — > Me) as mentioned above was digested with Ava il and Bbe l. an isoshizomer of Nar l 
creating 4 nucleotide-long single-stranded cohesive terminal, and the resulting 50 bp DNA fragment 
encoding Asp 35 - Ala 111 of the native t-PA was isolated. On the other hand, the synthetic 19 bp Cla l - Ava il 
DNA fragment was prepared from HP23, HP24. HP25 and HP26(see:Example 1) using T4 polynucleotide 
kinase and T4 DNA ligase. It was ligated to the 50 bp DNA fragment with T4 DNA ligase to construct the 69 

20 bp Cla l - Bbe l DNA fragment. 

pCLiPAAxtrp was linearlized by Bbel partial digestion. The resultant 5777 bp DNA fragment was 
digested with Cla l and the 5149 bp DNA fragment was isolated. It was ligated to the 69 bp Clal - Bbe l DNA 
fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform B coli DH-1 . From 
one of the ampicillin resistant transformants, the desired plasmid pTQiPAAtrp (5218 bp) was obtained. 

25 which was characterized by restriction endonuclease digestion. 

E. coli HB101-16 [HB101 ( recA* , su£E\ htpR1 6(am) , tet f ) FERM P-9502] was transformed with 
pTQiPAAtrp to give a transformant, B coli HB101-16 (pTQiPAAtrp). 



30 Example 6 (Construction and cloning of plasmid pTA9004) 
(as illustrated in Fig. 6) 

pCLiPAAxtrp was digested with Dde l and Eco RI and the 91 bp DNA fragment encoding Glu 175 Trp 204 
of the native t-PA was isolated. The resultant DNA was ligated to oligodeoxyribonucleotides HP31 and 
35 HP32(see:Example 1-(3)) using T4 polynucleotide kinase and T4 DNA ligase. The resultant 103 bpClal - 
Eco RI DNA fragment was ligated to the 4397 bp Cla l - Eco RI fragment of pCLiPAAxtrp in the presence of 
T4 DNA ligase. The ligation mixture was used to transform E. coli DH-1. 5rom one of the ampicillin resistant 
transformants, the desired plasmid pTA9004 (4500 bp) was obtained. 

40 

Example 7 (Construction and cloning of plasmid pTTkPAAtrp) 
(as illustrated in Fg. 7} 

pTA9004 was digested with Eco RI and the resultant DNA fragment (4500 bp) was dephosphorylated 
45 with bacterial alkaline phosphatase. On the other hand, pTPA21 which comprises the complete cDNA 
sequence encoding the native t-PA and a portion of the 3 -noncoding region was digested with Eco RI and 
the 472 bp DNA fragment encoding Asn 205 - Lys 36t of the native t-PA (DNA sequence of which is shown in 
Fig. 8) was isolated. The resultant DNA fragment was ligated to the dephosphorylated 4500 bp Eco RI DNA 
fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform E. coli DH-1. From 
so one of the ampicillin resistant transformants. the desired plasmid pTTkPAAtrp (4972 bp) was isolated. E. 
coli HB 101-16 was transformed with pTTkPAAtrp to give a transformant E. coli HB101-16 (pTTkPAAtrp). 



Example 8 (Construction and cloning of plasmid pTTiPAAtrp) 
55 (as illustrated in Fig. 9) 

pTA9004 was digested with Eco RI and the resultant DNA was dephosphorylated with bacterial alkaline 
phosphatase. On the other hand, pTPA 102 (Lys 277 — lie) as mentioned above was digested with EcoRI 

10 
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and the 472 bp DNA fragment encoding Asn 205 - Lys 361 of the mutant t-PA (Lys 277 — He) was isolated. The 
resultant DNA fragment was ligated to the dephosphorylated 4500 bp EcoFU DNA fragment in the presence 
of T4 DNA ligase. The ligation mixture was used to transform E coli DH-1 . From one of the ampicillin 
resistant transformants, the desired plasmid pTTiPAAtrp (4972 bp) was isolated. B coli HB101-16 was 
5 transformed with pTTiPAAtrp to give a transformant coli HB 101-16 (pTTiPAAtrp). 



Example 9 (Expression and isolation) 

io A single colony of E. coli HB 101-16 (pTTkPAAtrp) was inoculated "in^f 5 ml of sterilized LA broth 
containing bactotrypton 10 g, yeast extract 5 g, NaCI 5 g, 50ug/ml ampicillin (pH 12. - 7.4) in a test tube 
and incubated at 37 *C for 8 hours under shaking condition. The cultured broth was added to 100 ml of 
sterilized fresh LA broth in a flask and incubated at 37 *C for 15 hours under shaking condition. A portion 
(20 ml) of the resultant broth was added to 400 ml of sterilized M9CA broth containing 25ug/ml ampicillin, 

75 and the mixed broth was incubated at 37 'C. When Aeoo of the broth reached approximately 0.6, fi- 
indoleacrylic acid was added to the broth in a final concentration of lOag/ml. The resultant broth was 
incubated at 37° C for 3 hours, and centrifuged at 4* C t 8, 900 x g for 10 minutes. The harvested cells were 
suspended in 100 ml of 10 mM Tris-HCI (pH 8.0) containing 5 mM EDTA, and treated with 50 mg of 
lysozyme at 4* C for 1 hour. The resultant mixture was homogenized by a Biotron blender and centrifuged 

20 at 4*C, 8, 900 x g for 30 minutes. The pellets were washed with 100 ml of 50% aqueous glycerol and 
dissolved in 800 ml of 10 mM Tris-HCI (pH 8.0) containing 8M urea. To the urea solution, 480 mg of GSH 
(Kojin) and 96 mg of GSSG (Kojin) were added. The resultant mixture was dialyzed twice against 1 6 liters of 
a buffer solution (pH 9.5) containing 20 mM acetic acid, 40 mM ammonia, 2 mM GSH and 0.2 mM GSSG at 
4*C for 15 hours. After centrifuging the mixture, the supernatant was assayed by the following fibrin plate 

25 assay. The fibrin plate assay (FPA) was carried out according to the method [Astrup T. and Mullerte S., 
Arch. Biochem. Biophys. 40 346 - 351 (1952)] with minor modification. A fibrin plate was prepared by 
mixing 5 ml of 1.2% human plasminogen-rich fibrinogen (Green - Cross) in 100 mM phosphate buffer (pH 
7.2) with 5 mi of thrombin (Mochida, 50 units) in the same buffer, followed by allowing to stand at room 
temperature for 1 hour. The test solution or human native t-PA (WHO standard) (10 ul of each) were 

oo incubated at 37° C for 18 hours. Using the human native t-PA as the standard, the activities of the samples 
were calculated from the areas of the lysis zones. From the result of assay, the t-PA activity of the 
supernatant containing TTkPA was 2.3 x 10 5 IU of the native t-PA/l. 



35 Example 10 (Expression and isolation) 

A single colony of E. coH HB 101-16 (pTTiPAAtrp) was cultured and TTitPA was isolated from the 
resultant culrtured broth in the substantially the same manner as that described in Example 9. The t-PA 
activity of the resultant supernatant containing TTitPA was 2.0 x 10* lUof the native t-PA/l. 

Example 1 1 (Expression and isolation) 

A single colony of E. coli HB 101-16 (pTQiPAAtrp) was cultured and TQttPA was isolated from the 
45 resultant culltured broth in the substantially the same manner as that described in Example 9. The t-PA 
activity of the resultant supernatant containing TQitPA was 2.0 x 10* IU of the native t-PA/t . 



Example VZ (Purification of TTktPA) 

50 

All procedures were performed in cold room (at 4 - 6°C). The plasminogen activator, TTktPA in the 
supernatant renatured was isolated and purified as follows: 

In the first step, the supernatant prepared from 20 liter of the cultured broth obtained in a similar 
manner to that described in Example 9 [TTktPA total activity: 3.4 x 10 6 IU of the native t-PA (WHO)] was 
55 loaded onto benzamidine Sepharose column [1.6 cm x 3 cm : p-aminobenzamidine was linked covaiently to 
CH Sepharose 4B (Pharmacia) by the carbodiimide method described in the literature : Las Holmberg T et 
al.. BBA, 445, 215 - 222 (1976)] equilibrated with 0.05 M Tris-HCi (pH 8.0) containing 1M NaCI and 0.01% 
(v/v) Tween80 and then washed with the same buffer. The plasminogen activator was eluted with 0.05M 
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Tris-HCKpH 8.0) containing 1M arginine and 0.01% (v>v) Tween80. 

In the next step, pooled active fractions were applied on IgG coupled Sepharose (FTP 1163) column 
(1.6 cm x 3 cm) [monoclonal anti t-PA antibody: FTP 1163 (Tsutomu Kaizu et al.. Thrombosis Research. 40 
91 - 99 (1985) was coupled to CNBr activated Sepharose 4B according to manufacture's instructions] 

5 equilibrated with 0.1 M Tris-HCI (pH 8.0). The column was washed with 0.1 M Tris-HCl (pH 8.0) containing 
1M NaCI. 0.01% (v/v) Tween80 and Aprotinin (10 KlU/mi, Sigma). Eiution was done with 0.1 M glycine-HCI 
(pH 2.5) containing 0.5 M NaCI. 0.01% Tween80 and Aprotinin (10 KlU/mi). 

In the last step, pooled active fractions obtained from the IgG Sepharoy (FTP1163) column were 
dialyzed against 1 liter of 0.01 M phosphate buffer (pH 7.4) containing 1.6%l KSCN and 0.01% (v<v) 

w Tween80. The solution dialyzed was concentrated to about 2 ml by dialysis against solid polyethylene 
glycol 20,000. The concentrate obtained was gel-filtered on a Sephacryl S200HR (Pharmacia, 1.6 cm x 90 
cm) in 0.01 M phosphate buffer (pH 7.4) containing 1.6 M KSCN and 0.01% (v/v) Tween80. The pooled 
active fractions were concentrated to about 10 ml by dialysis against solid polyethylene glycol 20,000 and 
the concentrate was then dialyzed against 0.1 M ammonium bicarbonate containing 0.15 M NaCI and 0.01% 

is (v/v) Tween80 to give diaiyzate containing purified TTktPA (3.4 mg, 7.35 x 10 5 IU of the native t-PA (WHO)- 
mg* protein). 

The TTktPA purified have following characteristics. 



20 (i) Analytical SDS PAGE 

A 15% polyacrylamide gel was prepared according to the method of Laemmli (U.K. Laemmli, Nature 
(London 227. 680 - 685 (1970)). The gel was stained with silver (H.M. Poehling, et al.. Electrophoresis. 2. 
141 (1981). 

25 TTktPA thus purified migrate on the SDS-PAGE as a single band at 35K Daltons under reducing 
condition and 32K Daltons under nonreducing condition, whereas material incubated with piasmin 
Sepharose (Per Wallin, et al.. BBA, 719. 318 - 328 (1982)) yielded two bands at 30K Daltons (protease 
domain) and 13.5K Daltons (kringle domain) in the presence of reducing agent and only one band at 32K 
Daltons in the absence of reducing agent. 

30 

(it) HPLC 

TTktPA purified was applied to a (4.6 mm x 75 mm) ultrapore RPSC column (Beckman, USA). Eiution 
35 was performed with a linear gradient of acetonitrile (10 - 60% (v/v) in 0.1% (v/v) trifluoroacetic acid at a flow 
rate of 1 .0 ml/min over 30 minutes. 

In this system, TTktPA was eluted as single major species at-*an acetonitrile concentration of 
approximately 36.5% (v/v). 

40 

(iit) N-terminal sequence analysis 

Purified single chain TTktPA was reduced and carboxyrnethylated, desalted on HPLC (Ultrapore RPSC 
column, concentrated by Speed Vac Concentrator (Savant) and analyzed using a gas phase sequencer. 
45 model 370A (Applied Biosystem). The N-terminai' amino acid sequence of thus obtained TTktPA was as 
follows. 

SerGluGlyAsn - 

■ » 

50 

Example 13 (Construction and cfoning of piasmid pTQkPAAtrp) 
(as illustrated in Fig. 10) 

The piasmid pTQiPAAtrp was digested with Eco RL The reaction mixture was dephosphorylated with 
55 bacterial aikaJine phosphatase and the resultant 4744 bp DNA fragment was isolated. On the other hand, the 
piasmid pTPA 21 was digested with feoRI and the resultant 472 bp DNA fragment was isolated. The 472 
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bp DNA fragment was ligated to the 4744bp DNA fragment in the presence of T4 DNA ligase and the 
ligation mixture was used to transform E. cofi DH-1. From one of the transformants resistant to ampicillin, 
the desired plasmid pTQkPAAtrp was isolated and characterized by restriction mapping. B colt HB101-16 
was transformed with the plasmid pTQkPAAtrp to give a transformant E coli HB101-16 (pTQkPAAtrp). 

Example 14 (Synthesis of oligonucleotides) 

The following oligonucleatides were prepared in a conventional manner described as mentioned above. 

1) Linkage sequence for pSTTktrp and pSTQktrp 
( Dde l) ( Eco RV) ( Stu I) • 
266 270 . 275 
LeuArgGlnTyrSerGlnProGlnPheAspIleLysGlyGly 

SKI (40mer) ^ 

TGAGACAGTACAGCCAGCCACAGTTTGATATCAAAGGAGG 
CTGTCATGTCGGTCGGTGTCAAACTATAGTTTCCTCC 
j f SK2 ( 3 7mer ) J 

2) Linkage sequence for pSTQitrp 
(Ddel ) ( Eco RV) (StuI ) 
266 270 275 
LeuArgGlnTyrSerGLnProGlnPheAspIlelleGlyGly 
^ HP56 (40mer) , | 

TGAGACAGTACAGCCAGCCACAGTTTGATATCATAGGAGG 
CTGTCATGTCGGTCGGTGTCAAACTATAGTATCCTCC 
EPS 7 (3 7mer) 

3) Linkage sequence for pthTTtrp 
( Dde l) ( Bgl ll) (StuI) 
266 275 
LeuArgGlnTyrSerGlnProIleProArgSerGlyGly 

L -HP60 (37mer) 



TGAGACAGTACAGCCAGCCAATTCCTAGATCTGGAGG 
CTGTCATGTCGGTCGGTTAAGGATCTAGACCTCC 
|^ HP61 (34mer) J 
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4) Linkage sequence for puTTtrp 
(Ddel) ( Sac II) 
266 275 
LeuArgGlnThrLeuArgProArgPheLys 

HPS 8 (29iaer) " ^ 

TGAGACAGACTCTGCGTCCGCGGTTCAAA 
CTGTCTGAGACGCAGGCGCCAAGTTT 
^ HPS 9 < 2 6mer ) J 



Numbers above the amino acids refer to the positions of the native t-PA reported by Pennica et al - 
(Nature 3Ch 214-221, 1983). 

Example 15 (Construction and cioning of piasmid pMH90Q3) 
(as illustrated Rg. 1 1 ). 

The piasmid pTA9004 was digested with Eco Rl and Stu l, and the resultant 4329 bp DNA fragment was 
isolated. The DNA fragment was ligated to the synthetic oiigodeoxyribonucleotides SK1 and SK2 using T4 
polynucleotide kinase and T4 DNA ligase. The reaction mixture was treated with Eco Rt to reconstruct the 
cohesive end digested with Eco Rl. and the resultant Eco RI- Dde l DNA fragment (4367 bp) was ligated to the 
184 bp EcoRI-Ddel DNA fragment coding Asn 20S - Leu 266 of the native t-PA which was obtained from the 
piasmid pCLiPAAxtrp in the presence of T4 DNA figase. The ligation mixture was used to transform B coli 
DH-1. From one of the transformants resistant to ampicillin, the desired piasmid pMH9003 was isolated and 
characterized by restriction endonuclease digestion. 



3 5 Example 16 (Construction and cloning of piasmid pSTTktrp) 
(as illustrated in Rg. 12) 

The piasmid pMH9003 was digested with Stul and the resulting DNA fragment (4551 bp) was 
dephosphorylated with calf intestinal phosphatase ( Pharmacia AB). On the other hand.the piasmid 

^ pCLiPAAxtrp was digested with Stul and the resultant 419bp DNA fragment coding for Gly 279 - Ala 419 of the 
native t-PA was isolated. The resultant DNA fragment was ligated to the 4551 bp Stui DNA fragment in the 
presence of T4 DNA Jigase. The ligation mixture was used to transform E. coli DH-1. From one of the 
transformants resistant to ampicillin. the desired piasmid pSTTktrp was isolated and characterized by 
restriction endonuclease digestion. E. coli HB101-16 was transformed with the piasmid pSTTktrp to give a 

45 transformant. E. coH HB101-16 (pSTTktrp). 

Example 17 (Construction and cloning of piasmid pZY) 
(as illustrated in Fig. 13) 

- * 

so 

The piasmid pTQiPAAtrp was digested with Eco Rl and Stul, and the resultant 4575 bp DNA fragment 
was isolated. The DNA fragment was ligated to the synthetic oiigodeoxyribonucleotides HP56 and HP57 
using T4 polynucleotide kinase and T4 DNA ligase. The reaction mixture was treated with Eco Rl to 
reconstruct the cohesive end digested with EcoRl. and the resultant toEcoRI- Dde l DNA fragment (461 3bp) 
55 was ligated to the 184 bp EcoRI- Dde l DNA coding for Asn 205 - Leu 266 of the native t-PA which was 
prepared from the piasmid pCLiPAAtrp in the presence of T4 DNA ligase. 

The ligation mixture was used to transform E. coli DH-1 . From one of the transformants resistant to 
ampicillin, the desired piasmid pZY was isolated and characterized by restriction mapping. 
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Example 18 (Construction and cloning of plasmid pSTQitrp) 
(as shown in Fig. 14) 

The plasmid pZY was digested with Stul and the resulting DNA fragment (4797bp) was dephosphorylat- 
5 ed with calf intestinal phosphatase. On the other hand, the plasmid pCLiPAAxtrp was digested with Stul and 
the resultant 419 bp DNA fragment coding for Gly 273 - Ala* 19 of the native t-PA was isolated. The 419 DNA 
fragment was iigated to the 4797 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture 
was used to transform E. coli DH-1. From one of the transformants resistant to ampicillin, the desired 
plasmid pSTQitrp was isolated and characterized by restriction mapping. E. coii HB1 01-16 was transformed 
10 with the plasmid pSTQitrp to give a transformant E. coii HB101-16 (pSTQitrp^" 

Example 19 (Construction and cloning of plasmid pSTQktrp) 
(as illustrated in Fig. 15) 

15 

The plasmid pSTTktrp was digested with Cial and Eco RV and the resultant 4656 bp DNA fragment was 
isolated. On the other -hand, the plasmid pSTQitrp was digested with Clal and Eco RV, and the 560 bp DNA 
fragment coding for Cys* - Asp 184 of STQitPA was isolated. The resulting DNA fragment was Iigated to the 
4656 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform E. coli 
20 DH-1 . 

From one of the transformants resistant to ampicillin, the desired plasmid pSTQktrp was isolated and 
characterized by restriction mapping. E. coli HB101-16 was transformed with pSTQktrp to give a transfor- 
mant HB101-16 (pSTQktrp). 

25 

Example 20 (Construction and cloning of plasmid pMH9006) 
(as illustrated in Fig. 16) 

The plasmid pTA9004 was digested with Stu l and Eco RI, and the resultant 4329 bp DNA fragment was 
30 isolated. The DNA fragment was Iigated to synthetic oligodeoxyribonucfeotides HP60 and HP61 using T4 
polynucleotide kinase and T4 DNA ligase. The ligation mixture was digested with Eco RI to regenerate the 
cohesive end digested with Eco RI, and the resultant Eco RI- Dde l DNA fragment (4364bp) was Iigated to the 
184 bp EcoRI-Ddel DNA fragment coding for Asn 205 - Leu 266 of the native t-PA which was prepared from 
the plasmid pCLiPAAxtrp. The ligation mixture was based to transform B coii DH-1. From one of the 
35 transformants resistant to ampicillin, the desired plasmid pMH9006 was isolated and characterized by 
restriction mapping. 

Example 21 (Construction and cloning of pthTTtrp) "* 
40 (as illustrated in Fig. 17) 

The plasmid pMH9006 was digested with Stu l and the resultant linearized DNA fragment (4548 bp) was 
dephosphorylated with calf intestinal phosphatase. On the other hand, the plasmid pCLiPAAxtrp was 
digested with Stul and the 419 bp DNA fragment encoding Gly 273 - Ala* 19 of the native t-PA was isolated. 
45 The resultant DNA fragment was Iigated to the 4548 bp DNA fragment in the presence of T4 DNA ligase. 
The ligation mixture was used to transform E. coli DH-1. 

From one of the transformants resistant to ampicillin, the desired plasmid pthTTtrp was isolated and 
characterized by restriction mapping. E. coli HB101-16 was transformed with the plasmid pthTTtrp to give 
an transformant E. coli HB101-16 (pthTTtrp) 

50 

Example 22 (Construction and cloning of plasmid pMH9007) 
(as illustrated in Fig. 18) 

55 The plasmid pMH9003 was digested with EcoRI and EcoRV, and the 4340 bp DNA fragment was 
isolated. The resultant DNA fragment was Iigated to the synthetic oligodeoxyribonucleotides HP58 and 
HP59 by using T4 polynucleotide kinase and T4 DNA ligase. The ligation mixture was treated with Eco RI to 
regenerate the cohesive terminal digested with Eco RI. 

15 
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The resultant DNA fragment (4367 bp) was ligated to the 184 bp EcoRI-Odel DNA fragment obtained ~ 
from the plasmid pCUPAAxtrp in the presence of T4DNA ligase. The ligation mixture was used to transform 
E.coliDH-1. 

From one of the transformants resistant to ampicillin, the desired plasmid pMH9007 was isolated and 
characterized by restriction mapping. 



Example 23 (Construction and cloning of plasmid puTTtrp) 



The plasmid pMH9007 was digested with Stu i and the resultant linearized DNA fragment (4551 bp) was 
dephosphorylated with calf intestinal phosphatase. On the other hand, the plasmid pCUPAAxtrp was 
digested with Stu i and the resultant 419 bp DNA fragment was isolated. The 419 bp DNA fragment was 
ligated with the 4551 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to 
transform E. coli DH-1 . 

From one of the transformants resistance to ampicillin. the desired plasmid puTTtrp was isolated and 
characterized by restriction mapping. B coli HB101-16 was transformed with the plasmid puTTtrp to give a 
transformant E. coli HB101-16 (puTTtrp). 



Example 24 (Expression and isolation) 

E. coli HB101-16 (pTQkPAAtrp) was cultured and TQktPA was isolated from the resultant cultured broth 
in substantially the same manner as described in Example 9. The t-PA activity of the resultant supernatant 
containing TQktPA was 7.7 x 10 4 IU of the native t-PA/t. 



Example 25 (Expression and isolation) 

E. co[i HB101-16 (pSTTktrp) ,E. coliHB101-16(pSTQktrp), E. coli HB101-16(pSTQitrp), E. coli HB101-16 
(pthTTtrp) and E. coli HB101-16 (puTTtrp) were used for the expression of new t-PAs. Cultivation of the 
bacteria was carried out in substantially the same manner as that described in Example 9. The cell pellets 
obtained from the resultant cultured broth (200 ml) were suspended in 20 ml of 10 mM phosphate buffered 
saline (pH 8.0) and sonicated at 4* C for 1 minute. After centrifugation at 15.000 rpm for 20 minutes at 4* C. 
the resultant pellets were suspended in 20ml of Triton X-100 solution (0.5% Triton X-100. 8% sucrose. 
50rnM EDTA, 10mM Tris • HCl, pH 8.0) and sonicated at 4*C for 1 minute. The suspension was 
centrifuged at 15,000 rpm for 20 minute. The resultant pellets were washed with 20 ml of 50 % aqueous 
glycerol and 20 ml of ice-cold ethanol, successively, and dissolved in 20 ml of 8M urea solution containing 
8M urea. 20mM acetic acid. 40mM ammonium hydroxide. 0.4 mM cysteine and 0.04mM cystine. pH9.5) by 
sonication. 

After centrifugation at 15,000 rpm for 20 minutes, the supernatant was diluted to A280 = 0.1 (absorbance 
at 280nm) with the 8M urea solution. The resultant solution was dialysed against 10 times volume of 
aqueous solution containing 20 mM acetic acid. 40mM ammonium hydroxide, G.4mM cysteine and 0,04mM 
cystine (pH 9.5) at room temperature for hours. In the above procedure, each of the dialysates containing 
the new t-PAs , STTktPA, STQktPA. STQitPA. thTTtPA or uTTtPA was obatined from the cultured broth of 
E. coli HBl01-16(pSTTktrp). E. coli HB101-16(pSTQktrp), E. coli HB101-16(pSTQitrp), E. coli HB101-16- 
(pthTTtrp) or E. coli HB101-16(puTTtrp). respectively. Each of the resultant dialysates was subjected to the 
fibrin plate assay as described in Example 9. respectively. The results are shown in the following table. 



(as illustrated in Fig. 19) 
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New t-PA 
contained in the 
diaJysate 


Activity (IU of 
the native 
t-PA/ i) 


STTktPA 

STQktPA 

STQitPA 

thTTtPA 

UTTtPA 


1.1 x 10 5 
2.3x10* 
2.3 x 10* 
3.7 x 10* 
not detected ") 



"JuTTtPA may be a proenzyme like pro-urol?Hase. Although it was 
inactive by fibrin plate assay, it was produced in a ratio of 29 iiqj I 
of the cultured broth as analysed by enzyme immunoassay. 



Example 26 (Determination of molecular weights of new tPAsj 

Molecular weights of the new t-PAs as produced in the above Examples were determined by SDS- 
PAQE analysis using marker proteins(94,000, 67,000, 45,000, 30.000, 14,400 daltons). The results are 
shown in the following table. 

Molecular weights of the new t-PAs as produced in the above Examples were determined by SDS- 
PAGE analysis using marker proteins(94,000, 67,000, 45,000, 30,000, 14,400 daltons). The results are 
shown in the following table. 



The new 
t-PAs 


molecular weight(daiton) 


TTktPA 

TTitPA 

TQitPA 

TQktPA 

STTktPA 

STQktPA 

STQitPA 

thTTtPA 

uTTtPA 


approximately 38,000 
approximately 38,000 
approximately 45,000 
approximately 45,000 
approximately 38,000 
approximately 45,000 
approximately 45,000 
approximately 38,000 
approximately 38,000 



Example 27 (Identification of DNA sequence) 

Expression vectors were characterized and identified by restriction mapping followed by partial DNA 
sequencing by the dideoxyribonucfeotide chain termination method [Smith, A.J.H. Meth. Enzynn. 65, 560- 
580 (1980)] applied to double strand DNA. 

The plasmid pTTkPAAtrp (2ug in 16 ul of 10 mM Tris'HCI (pH 7.4)-1 mM EDTA) was treated with 
2MM EDTA (2 ul) and 2N NaOH (2 ul) at room temperature for 5 minutes. To the resultant mixture, 5M 
ammonium acetate (8 ul) and.EtOH (100 ul) was added. The mixture was cooled at -80* C for 30 minutes 
and centrifuged at 12,000 rpm for 5 minutes. After discarding the supernatant, precipitates were washed 
with ice-cold 70 % aqueous EtOH and dried in vacuo to give the denatured plasmid. 

The plasmid was annealed with a synthetic oligodeoxyribonucleotide primer (5-ATATTCTGAAAT- 
GAGCTGT, corresponding to -55— 37th position of the tryptophan promoter, 5 ng) in 40 mM Tris'HCi (pH 
7.5)-20mM MgCfe -50mM NaCI at 65* C for 15 minutes followed by gently cooling to room temperature in 
30 minutes. The sequencing reaction was performed with T7 polymerase (Sequenase, United States 
Biochemical Corp) and -^S-dATP (Amersham) according to Tabor, S and Richardson, C.C.Proc. Natl. 
Acad. Sci. U.S.A. 84, 4767 - 4771 (1987). The determined sequence (approximately 150 bases from the 
primer i.e. 35 bases in the tryptophan promoter and 115 bases in the N-terminal coding sequence of 
TTktPA) was identical with that as expected. 
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The DNA sequence of pTQkPAAtrp was performed in a similar manner as described above. 

The DNA sequences of pSTTkPAtrp, pthTTtrp and puTTtrp were performed in a similar manner as 
above except for using a synthetic oiigodeoxyribonucieotide (5 -CTCCGGGCGACCTCCTGTG. complemen- 
tary to the DNA sequence for His 297 -Gly 302 of native tPA). 



Example 28 (Identification of amino acid sequence) 

Purified STTktPA which was purified from the dialysate comprising STTktPT^btained in Example 25 by 
the similar purification method described in Example 12, was dissolved in 8M urea-50mM Tris^Hcl (pH 8.0)- 
1.5 % £-mercaptoethanol, and treated with monoiodoacetic acid for carboxymethylation of SH group in Cys 
residues. The resultant carboxymethylated STTktPA was purified by preparative HPLC using COSMOSIL 
5Ca-300 (4.6 mm0 x 50 mm. Nakarai Tesque), and sequenced by a gas-phase sequencer 470A (Applied 
Biosystems Inc). The N-terminal sequence of the sample was Ser-Glu-Gly-Asn-Ser-Asp-Cys-Tyr-Phe-Gly- 
Asn-Gly-Ser-Ala-Tyr which was identical with the sequence as expected. 



Example 29 (Construction and cloning of pSTl 1 8) 
(as illustrated in Fig. 20) 

The plasmid pSTU2 [an expression vector for a native t-PA which can be isolated from a transformant 
comprising the same. E. coli DH-1 FERM BP-1966. the complete cDNA sequence of a native t-PA in pST 
112 is illustrated in Fig. 21] was digested with Bam HI and Sai l. 

The large DNA was isolated and blunted with DNA polymerase I (Klenow fragment). The resultant ON A 
fragment was selWigated with T4 DNA ligase. The ligation mixture was used to transform E. coli HB101. 
From one of ampicillin resistant transformants, the objective plasmid pST118 was obtained and character- 
ized by restriction mapping. 



Example 30 (Construction and cloning of pmTQk112) 
(as illustrated in Fig.22 and 23) 

The plasmid pST118 was digested with Bgl ll and Bbe l. The large DNA fragment was isolated and 
ligated to synthetic Bglll-Avail DNAs (5-GATCTTGCTACGAG and 5 -GTCCTCGTAGCAA. each oligomer 
was phosphorylated with T4 polynucleatide kinase (Takara Suzo)) coding for Arg~* Ser Cys 92 Tyr GIu, and 
Aya ll- Bbe l DNA coding for Asp 35 - Gly 1, ° of the native tPA from pST118 with T4 DNA ligase (Takara 
Suzo). ^ 

The ligation mixture was used to transform E.coli DH-1. From one of the ampicillin resistant transfor- 
mants, the objective plasmid pmTQk118 was isolated and characterized by restriction mapping. 

On the other hand, the plasmid pST1 12 was digested with Bglfl and Xma l. The large DNA fragment was 
isolated and ligated to 1253 bp Bglll- Xma l DNA coding for Arg— - Vat 507 from pmTQk118 with T4 DNA 
ligase to give pmTQk112, an expression vector for mTQktPA in mammalian cell. 



Example 31 (Construction and cloning of pmTTk) 
(as illustrated in Rg. 24. 25 and 26) 

pTTkPAAtrp was digested with Clal and EcoRI completely. The large DNA fragment was isolated and 
ligated to Clal-Ddel synthetic DNAs (5 -CGATAAAATGGGTCCTAGATC and 5 -TCAGATCTAGGACCCMT- 
TTAT. each DNA was phosphorylated with T4 polynucleotide kinase) including Bglll restriction site and 
91 bp Dde l-EcoRI DNA coding for Glu 175 -Trp 204 from pTTkPAAtrp with T4 DNA ligase to give pHS9O06. 
pTTkPAAtrp was digested with Eco RI (partial) and Apa l. The 781 bp DNA fragment was isolated and ligated 
to 4.1 kbp EcoRI-Apal DNA fragment from pHS9006 to give pHS3020 coding for Arg -1 plus Ser 17 * - Pro 527 . 

PHS3020 was digested with Bglll and Sma l. The small DNA fragment coding for Arg- 1 plus Ser' 7 *- 
p ro 5cs was i SO | a ted and ligated to the Bglll- Sma l large DNA fragment from pmTQk112 to give pmTTk, an 
expression vector for TTktPA in mammalian cell. 
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Example 32 (Construction and cloning of pmSTTk) 
(as illustrated in Fig.27 and 28) 

pHS9006 was digested with Eco RI. The large DNA fragment was isolated, dephosphorylated with calf 
5 intestinal phosphatase (Pharmacia) and Hgated to the 472bp Eco RI DNA coding for Asn 20S - Asp 275 - Lys 3G: 
from pSTTkAtrp to give pMH3025. pMH3025 was digested with Bgl ll and Sma l. The small DNA fragment 
was isolated and ligated to the large fragment Bglll- Sma l DNA from pmTQk112 to give pmSTTk, an 
expression vector for STTktPA in mammalian cell. 

Example 33 (Expression) 



75 Construction of L-929 Transformants 



A. Preparation of the Cells 

20 

A culture of L-929 cell line was used in this example. L-929 cells can be generated from ATCC #CCL-1, 
and were maintained in DMEM containing kanamycin and 10% (vol/vol) fetal calf serum at 37* C in 5% 
CO2. These cells were plated in a cell density of 5 x 10 s per 10 cm petri dish on the day before 
transformation, and provided 50-60% confluency on the day transformation. The media was changed three 
25 hours before the transformation. Two 10 cm petri dishes of cells were used to each transformation. 



B. Preparation of the DNA solution 

30 Plasmid DNA was introduced into L-929 cells using a calcium phosphate technique in a similar manner 

to that described in Gorman, DNA Cloning II, 143 (1985), IRL press. 

Thirty ug of the expression plasmid (pmTQk112, pmTTk or pmSTTk) plus 3ug of plasmid pSV2neo 

ATCC No. 37149 was added to 186 ul of 2 M CaCI 2 and 1.3 ml of water. 1.5 ml of the DNA solution was 

then added dropwise to 1.5 mi of 2 x HBS (1.63% NaCI, 1.19% Hepes, 0.04% Na 2 HPO* pH 7.12) under 
35 bubbling. The mixture was allowed to stand 30 minutes at room temperature before it was added to the 

cells. 



C. Transfection of the cells 

40 

The 0.6 ml of the DNA solution was added to a 10 cm petri dish of L-929 cells with gentle agitation and 
incubated at 37 C for 18 hours in a CO2 incubator. The ceils were washed twice with DMEM. Complete 
fresh growth media containing 10% FCS was then added, and the cells were incubated at 37* C for 24 
hours in a CO2 incubator. The ceils were trypsinized and subcultured 1:10 into selective medium composed 

45 of DMEM containing 300 ug/ml geneticin (G418) and 10% FCS. 

Cells which express the phosphotransferase (neo r gene product) can survive in the selective media and 
form colonies. Medium was changed every 3-4 days and colonies were isolated after 12-14 days. G418 
resistant colonies were picked up by mild trypsinization in small cylinders, grown to mass cultures and 
tested for the secretion of mutant t-PA. The cells were grown in 1 .7 cm diameter muti-well plate dishes with 

so 3 ml of the medium to a total of about 3 x 10 s cells. Medium was removed and washed with PBS. Cells 
were cultured in 1 ml of inducible culture media composed of DMEM containing 0.04 mM ZnSO*. ImM 
sodium butyiate and 2% FCS at 37° C for 24 hours and activity of mutant t-PA in the medium was 
confirmed an indirect spectrophotometric assay using the chromogenic agent S2251 [Cf. Thrombosis 
Research 31^, 427 (1983)]. 

55 E. coli DH-1 was transformed with the plasmid, pmTQk1l2, pmTTk or pmSTTk for the purpose of the 
deposit in a conventional manner. 

The following microorganisms shown in the above Examples have been desposited with one of the 
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INTERNATIONAL DEPOSITORY AUTHORITY ON THE BUDAPEST TREATY. Fermentation Research 
Institute. Agency of Industrial Science and Technology residing at 1-3, Higashi 1 chome. Tsukuba-shi, 
Ibaraki-ken305. Japan since July 30, October 13 and November 5. 1987 and July , 1988 ,and were 
assigned the following deposit numbers, respectively. 

5 





Microorganisms 


Deposit number 




Escherichia coli HB101-16 


FERM 




Escherichia coli HB101-16 (pTTkPAAtrp) 


FERM BP-lIn 


70 


Escherichia coli HB101-16 (pTTiPAAtrp) 


FERM BP-1869 




Escherichia coli HB1 01-16 (pTQiPAAtrp) 


FERM BP-1870 




Escherichia coli HB101-16 (pTQkPAAtrp) 


FERM BP-1521 




Escherichia coli HB1 01-16 (pSTTktrp) 


FERM BP-1517 




Escherichia coli HB101-16 (pSTQitrp) 


FERM BP-1516 


75 


Escherichia coli HB101-16 (pSTQktrp) 


FERM BP-1518 




Escherichia coli HB101-16 (pthTTtrp) 


FERM BP-1562 




Escherichia coli HB101-16 (puTTtrp) 


FERM BP-1519 




Escherichia coli DH-1(pST112) 


FERM BP-1966 




Escherichia coli DH-l(pmTQk1 12) 


FERM BP-1965 


20 


Escherichia coli DH-l(pmTTk) 


FERM BP-1967 




Escherichia coli DH-1 (pmSTTk) 


FERM BP-1964 



25 

Claims 



30 



1. A tissue plasminogen activator represented by the following amino acid sequence (I) as its primary 
structure: 



35 



40 



45 



50 



55 
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45 



SO 



55 



180 190 
R-GluGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGlyThrHisSer 

200 210 
LeuThrGluSerGlyAlaSerCysLeuProTrpAsnSerMetIleI*euIleGlyI*ysVal 

220 230 
TyrThrAlaGlnAsnProSerAlaGlnAlaLeuGlyLeuGlyL^HisAsnTyrCysArg 

240 250 
AsnProAspGlyAspAlaliysProTrpCysHisValLeuIiysAsnArgArglieuThrTrp 

260 270 

GluTyrCysAspValProSerCysSerThrCysGlyLeuArgGln — Y 

277 280 290 



X-GlyGlyLeuPheAlaAspIleAlaSerHisProTrpGlnAlaAlalle 

300 310 
PheAlaLysHisArgArgSerProGlyGlxaArgPheLeuCysGlyGlyllel/euIleSer 

320 330 
SerCysTrpIleLeuSerAlaAlaHisCysPheGlnGluArgPheProProHisHisLeu 

340 350 
ThrVallleLeuGlyArgThrTyrArgValValProGluGluGluGluGlnliysPheGlu 

360 370 
ValGlioLysTyrlleValHisLysGlTiPheAspAspAspThrTyrAspAsnAspIleAla 

380 390 
Le\iI*euGlnLe\iLysSerAspSerSerArgCysAlaGlnGluSerSerValValArgThr 

400 410 
ValCysLeuProProAlaAspLeuGlnLetiProAspTrpThrGluCysGlxiIieuSerGly 

420 - 430 

TyrGlyLysHisGl\oAlaLeuSerProPheTyrSerGluArgLeuLysGltiAlaHisVal 

440 450 
ArgLeuTyrProSerSerArgCysThrSerGlnHisLetiLetiAsnArgThrValThrAsp 
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460 470 

AsnMetl/euCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeuHisAspAla 

480 490 

CysGlnGlyAspSerGlyGlyProLeuValCysLeuAsnAspGlyArgMetThrLeuVal 

500 510 

GlyllelleSerTrpGlyLeuGlyCysGlyGlnLysAspValProGlyValTyrThrLys 

520 527 

ValThrAsnTyrLeixAspTrpIleArgAspAsnMetArgPro 



92 100 
wherein R is Ser- or CysTyrGluAspGlnGlylleSerTyrArgGlyThrTrp 

HO 120 

SerThrAlaGluSerGlyAlaGluCysThrAsnTrpAsnSerSerAlaLeuAlaGlnLys 

130 140 

ProTyrSerGlyArgArgProAspAlalleArgLeuGlyLeuGlyAsnHisAsnTyrCys 

150 160 

ArgAsnProAspArgAspSerLysProTrpCysTyrValPheLysAlaGlyLysTyrSer 

170 174 

SerGluPheCysSerThrProAlaCysSer- 
X is -Lys-, -He- or bond and 

Y is -TyrSerGInProGlnPheArglle-. -TyrSerGlnProGlnPheAspHe-. -TyrSerGlnProNeProArgSer- or - 
ThrLeuArgProArgPheLysile-, and 

in the above amino acid sequence, Asn' 8 *, Asn 218 and Asn 448 may be glycosylated. 

2. The tissue plasminogen activator of claim 1, which is not glycosylated. 

3. The tissue plasminogen activator of claim 1, in which R is Ser-. X is -Lys- and Y is - 
TyrSerGlnProGlnPheAspHe-. 

4. The tissue plasminogen activator of claim 2, in which R is Ser-. X is -Lys- and Y is - 
TyrSerGlnProGlnPheAspHe-. 

5. A DNA encoding amino acid sequence (I) as defined in claim 1 . 

6. A recombinant vector comprising DNA encoding amino acid sequence (I) as defined in claim 1. 

7. A transformant comprising expression vector of DNA sequence encoding amino acid sequence (I) as 
defined in claim 1 . 

8. A process for the production of tissue plasminogen activator fo claim 1 which comprises, cuituring a 
host cell transformed with an expression vector comprising DNA encoding an amino acid sequence (I) as 
defined in claim 1 in a nutrient medium, and recovering the resultant t-PA from the cultured broth. 

9. A pharmaceutical composition comprising tissue plasminogen activator of claim 1 and pharmaceuti- 
cally acceptable carrier(s). 

10. A finger and growth factor domains lacking tissue plasminogen activator essentially free from other 
proteins of human and animal origin. 

11. A finger and growth factor domains lacking tissue plasminogen activator without glycosylation. 

12. A tissue plasminogen activator, essentially consisting of kringle 2 domain of the heavy chain and the 
light chain corresponding to those of native human tissue plasminogen activator and essentially free of other 
proteins of human and animal origin. 
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13. A tissue plasminogen activator, essentially consisting of kringle 2 domain of the . heavy chain and the 
light chain corresponding to those of native human tissue plasminogen activator without glycosylation. 

14. The tissue plasminogen activator of claim 13, in which arginine residue at 275 position of the native 
human tissue plasminogen acitivator is replaced by aspartic acid residue. 

5 
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Fig. 1 Construction and cloning of plasmid pHVBB 



Synthetic trp Clal „ . - _ 
promoter HI \_L_ peptide CLa gene 

gene 
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•BamHI 




synthetic fd phage terminator gene 
Sail 



pCLaHtrp3t 



- digestion with BamHI and Hind _ UL 

-ligation with DNA fragment (27bp) 
-transformation of E.coli DH-1 and cultivation 

- isolation of plasmid pHVBB 
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^Peptide CLa gene 
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Fig. 2 Construction and cloning of plasmid pOLiPAxtrp 




digestion with Bgl I 

isolation of 1974bP 
DNA fragment 



— ligation 

— transformation of E- coli HM?Q4 

and cultivation 

— isolation of plasmid pCLiPAxtrp 



•digestion with Bgl I 
and dephosphorylation 




synthetic f d phage terminator gene 
pCLiPAxtrp 
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Pig . 3- (1) DNA sequence of Bgl JX DMA fragment ( 19 7 4fc>p ) 



" (Egl-H) . .. . * 

Coding cbainiS'^ATCTTACCAAGTGATCTGCAGAGATG^AAAAACGCAGATGATAT^CCAG 

.SerTyrGI nYal I 1 eCys Ar^AspGluLysThrGl nHe fc II eTVrGl rt 
\-> Mutant t-PA ; 10 

CAACATCAGTCATGGCTGCGCCCTGTGCTCAGAAGCAACCGGGTGGAATATTGCTGGTGC 
GlnHisGlnSerTrpLeuArsProValLenArffSerAsnArffYalGiuTyrCysTrpCys 
•20 . _ ■ . >r - 30 

AACAGTGGCAGGGCACAGTGCCACTCAGTGCCTGTCAAAAGTTGCAGCGAGCCAAGG7GT 

AsnSerGlyArsAlaGlnCysHisSerYalProYalLysSerCysSerGluProAr^Cys 
•40 • 50 

* 

• TTCAACGGGGGCACCTGCCAGCAGGCCCTGTACTTCTCAGATTTGGTGTGCC AGTGCCCC 
Ph eAsnGIyGl yThrCy s GlnGlnAl aLeuTyrFh eS er As-oPh eVa ICysGI nCys Pro 
60 - .70 * 

• • - (Avail) 

GAAGGATTTGCTGGGAAGTGCTGTGAAATAGATACCAGGGCCACGTGCTACGAGGACCAG- 
. G 1 UG lyPh e Al aG 1 yLys Cys Cy s G 1 u 1 1 e As pThr Ar *A 1 aThrCy sT yrG lu2sTiGln 

•80 • • 90 .- ■ • " 

' " " . (Bbei) 

iGGCATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGCGCCGAGTGCACC^ ACTGG 
. G 1 y 1 1 eS er Tyr ArsG 1 yThrTrp S e rThr A 1 aG 1 uS er G I yAl aG 1 uCy s Thr AsnTrp. 

100 ' • - * 110 - " 

AACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGGCCAGACGCCATCAGGCTG 
AsnSerSerAlaLeuAlaG*lnLysProTyrSerGlyAr§ArsProAsTJAlar leArsLeu ' 

120 . • 130 

GGCCTGGGGAACCACAACTACTGCAGAAACCCAGATCGAGACTCAAAGCCCTGGTGCTAC 

GlyLeuGlyAsnHisAsnTyrCysArffAsnProAspAr^AspSerLysProTrpCysTvr 
140 s • * 150 

(Edel) 

GTCTTTAAGGCGGGGAAGTACAGCTCAGAGTTCTGCAGCACCCCTGCCTGCTCTGAGGGA 

YalPheLysAlaGlyLysTyrSerSerGluPheCysSerThrProAlaCysSerGluGly 
160 . * ' 170 

AACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCACGCACAGCCTCACCGAG 
As n S er As pCy s TyrPh eG 1 yAs'n GlySerAl aTyr Ar sQ I yTh rHisSerLe aTh rG 1 u 
180 190 

(EcoEE) 

TCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAGGTTTACACAGCA ' 
SerGl yAl aSerCysLeuProTrp AsnSerMe til eLeuI 1 eGI yLys ValTyrThrAl a 
200 210 

CAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGAT 
GlnAsnProSerAlaGl nAl aLeuGlyLeuGl yLysHi sAsnTyrCysArsAsaProAsu 
220 230 
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Fig. 3-C2) 



GGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGT 
GlyAspAlaLysProTrpCysHi s ValLeuLysAsnArsArsLeuThrTrriGl uTyrCys 
240 250 

GATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCcCsCCTCAGTTTCGCATC 

AspValProSerCysSerThrCysGlyLeuArsGlnTyrSerGlnProGlnPheArsI le 

260 270 

ATAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTT7GCCAAG 
J_l_eGlyGlyLeuPheAl aAsp 1 1 eAl aSerHisProTrpGl nAl aAl a 1 1 ePheAl aLvs 
280 290 

CACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCC7GCTGG 
HisArffArffSerProGlyGlxiArg-PheLeuCysGIyGlyn^eLeuI leSerSerCysTrp 

ATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGACGGTGATC 
IleLeuSerAlaAlaHisCysPheGInGluArgrPheProProHisHisLeuThrVal I i~ 
320 330 

TTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTTGAAGTCGAAAAA 

LeuGlyAr^ThrTyrArsVal ValProGlyGIuGluGlxiGlnLysPheGluValGluLys 
340 350 

(EcoRI) " '"' ' " . 

TACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATTGCGCTGCTGCAG 
Tyr 1 1 eYalHis Lys G 1 uPh eAs p As p AspThrTyr As p As n As p 1 1 eAl aX.eui.eu.C- 1 n 
360 370 

CTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGfGGTCCGCACTGTGTGCCTT 

LeuLysSerAspSerSerArgCysAlaGInGluSerSerYalVa'lArsThj-YarCysLeti 
380- • 390- . - - - 

•• - • -• . . . 

(Sac*)/ 

CCCCCGGCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAGCTCf CCCCCTACCGCAAG 

ProProAlaAspLeuGlnLeuProAspTrpThrGlttCysGluLeuSerGlyTyrGlyLys 
400 • • 410 ■ 

CATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGirAC 
HisGluAl ^|^ s er Pr q Ph eTyr S er G 1 uAr gL e uLy' s G 1 uA I'aH i s V a 1 Ar^JLe uTyr 

* - * * 

CCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCXG 
ProSerSerAr^CysThrSerGlnHisL^ • 

TG7GCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGC 
CysAlaGlyAspThrAr^SerGIyGlyProGlnAlaAsnLeuHisAspAIaCysGlnGly 
460 • -'470 . 

GATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCATCATC 
AspSerGlyGlyProLeuYalCysLeuAsnAspGlyAr^iMetThrLeuYalGIyl 1 el 1 e 
480 490 
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Fig. 3-D1 



SerTrpGIyLeuGlyCysGIyGlnLysAspValProGiyVa^TjrrThrLysValThrAsn 

TACCTAGACTGGATTCGTGACAACATGCGACCGTGACCAGGAACACCCGACTCCTCAAAA 
TyrLeuA3PTrjIleAr*AspAsnMetAr*Fro**^ > Nbncod±m ' 

(Sau3AI) 

GCAAArGAGATCCCGCCTCTTCTTCTTCAGAAGACACTGCAAAGGCGCAGTGCTTCTCTA 



CAGACTTCTCCAGACCCACCACACCGCAGAAGCGGGACGAGACCCTACAGGAGAGGGAAG 
AGTGCATTTTCCCAGATACfTCCCArrTTGGAAGTTTTCAGGACTTGGTCfGATTTCAGG 

atactctgtcagatgggaagacatgaatgcacactagcctctccaggaatgcctcctccc 

TGGGCAGAAGTGGCCATGCCACCCTGTTTTCGCTAAAGCCCAACCTCCTGACCTGTCACC 

CTGAGCAGCTTTGGAAACAGGACCACAAAAATGAAAGCATGTCTCAATAGTAAAAGAAAC 

(Bgl U) 
AAGA -3 ' 
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Fig. 4 Construction and cloning of plasmidi'pCLiPAAxtrp 
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Fig. 5 Construction and cloning of plasmid pTQiFAAtrp 
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Fig. 6 Construction and cloning of "plasmid pTA9004 
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7 Construction and cloning of plasmid pTTkPAAtxp 




PIA9004 PTPA21 



digestion with EcoRI 

isolation of 472bp 
DNA f raginent 



- ligation 

- transformation of E. coli DH-1 
and cultivation 

- isolation of plasmid pTIkPA A trp 



-digestion with EcoRI 
- dephosphorylation 
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Fig. 8 DNA sequence of SccRI DNA fragment ( 4 72bo ) 



CEcoRI) 

Coding chain: . 5"'-AATTCCATGATCCTGAT AGGCAAGGTTTACACAGCA 

Amino acid sequence: AsnSerMe 1 1 1 eLeuI i eGl yLys VaiTyrThrAl a 

CAGAACCCCAG7GCCCAGGCAC7GGGCC7GGGCAAACA7AA77AC7GCCGGAA7CC7GA7 
GlnAsnProSerAl aGlnAlaLeuGlyLeuGlyLysHisAsn7yrCysAr£AsnPro Asp 



GGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTG7 
GlyAspAlaLysProTrpCysHiaValLetLLysAsnAr^ArgLeuThrTrpGluTyrCys 



GATG7GCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATC 
AspVaLProSerCysSerThrCysGlyLeuArsGlnTyrSerGlnProGlnPheAr^r 1 e 



ASAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCA7CTT7GCCAAG 
LvsGlyGlyLeuPheAl aA.sp 1 1 e - Al aSerHi sPro7rpGl nAl aAl a! 1 ePheAlaLys 

CACAGGAGG7CGCCCGGAGAGCGG77CC7G7GCGGGGGCA7AC7CA7CAGC7CC7GC7GG 
His Ar ^Ar erPr a CI yG 1 uAr £?h eLeuCysGl yGlyl I eLeuI 1 eSsr S erCys 7 r? 

A77C7C7C7GCCGCCCAC7GCT7CCAGGAGAGC-777CCGCCCCACCACC7GACGG7GA7C 
1 1 eLeuSerAl aAl aHi sCysPheGlnGI uArgPheProProHi sHi sLeu7hrVal I 1 e 



T7GGGCAGAACA7ACCGGG7GG7CCCTGGCGAGGAGGAGCAGAAA77TGAAG7CGAAAAA 
LeuGl yAr ^Thr 7yr Ar sV a I V a I Pr o G I yG I uG L uG 1 uG I nLysPh eG 1 uYa I G 1 uLys 

" (EcoRI) * • ' 

TACA77G7CCA7AAGG -3' ' 
7yrIleYalHisLys 



POOR QUALITY 
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-digestion with EcoRI 


-digestion with EcoRI 


- dephosphoiylation 




-isolation of 472bp 
DNA fragment 




- ligation 






-transformation o£ E. 
and cultivation 


coli DH-1 




- isolation of plasraid pITiPA a trp 









synthetic trp ^TitPA Ssas. and 3'-noncoding region 

promoter 11 gene cigT ^> 
\ I BcoEt 



EcoRI 




Sail 3AI (Bam HI) 



•synthetic fd phage terminator gene 



Sail 



pTIiPA a trp 
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digestion with EcoRI 
treatment with bacterial 
alkali phosphatase 
isolation of 4744bp 

DNA fffcagment 



-digestion with EcoRI 
— isolation of 472bp 
DNA fragment 



- ligation 

- transformation of E*coli DH-1 

and cultivation 
-isolation of plasmid pTQVPA^trp 



synthetic trp 
promoter 111 gene 




TQktPA gene and 3 '-noncoding 
region 




Sau3AI(BamHI) 
synthetic f d phage terminator gene 

Sail 



pTQkPA^trp 



EP 0302456A 
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Fig. 11 Construction and cloning of plasmid ptIH90Q3 



Clal 




Ssu3AI(BamHI) 



Sail 



pCLiPA-^xtrp 



Clal 



EcoRI 




Sail 



PIA9004 



-digestion with EcoRI 
and Ddel 

isolation of 184 bp 
DNA fragment 



MX 



(EcoRI) (Ddel) 
DNA fragment (I84bp) 



-digestion with EcoRI and 
StuI 

-isolation of 4329 bp DNA 
fragment 

-ligation with synthetic 
oligodeoxyribonnclest i des 
SKI aid SK2 

-treatment with EcoRI 

-isolation of 4367 bp 
DNA fragment 



— (EcoRI ) 

^(Ddel) 
t^EcoRY 
StuI 

DNA fragment (4357bp) 




- ligation 

- transformation of E. coli QH~1 and 
cultivation 

-isolation of plasmid pMH9003 
\1/ 



Clal 




EcoRI 

^-Ddel ^ „_ 
\t EcoRV 

— StuI 



Sail 



PMH9003 
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Fig. 12 Construction and cloning of plasmid pSHkcrp 




PMH9003 pCLiPA^xtrp 



-digestion with StuI 
•isolation of 4551bp 
DNAfragment 

■treatment with calf 
intestinal phosphatase 



-digestion with StuI 
-isolation of 419bp 
DNA fragment 



- ligation 

-transformation of E. coli DH-1 

and cultivation 

- isolation of plasmid pSTTktrp 
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Fig. 13 Construction and cloning of plasniid pZY 



Clal 




pTQiPA^trp 



Clal 



EcoRI 




-digestion with EcoRI and 
StuI 

- isolation of 4575 bp DNA 
fragment 

- ligation with synthetic 
oligodeoxyribonuclesti des 
HP55* and HP57 

-treatment with EcoRI 

-isolation of 4613 bp 
DNA fragment 



-digestion with EcoRI 
and Ddel 

-isolation of 184bp 
DNA fragment' 



(EcoRI) (Ddel) 

DNA fragment (184bp) 



— (EcoRI) 

— (Ddel) 

DNA fragment (4613bp) 




- ligation 

-transformation of E.coli DH-1 and- 

cultivation 
-isolation of plasmid pZY 



CLal 




pZY 
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Fig, 14 Construction and cloning of plasmid pSIQitrp 



CLal 




aai 



pZY 



Sail 




^Sall 
pCLiPA^xtrp 



• digestion with Stu I 

-treatment with * -calf intestinal 

phosphatase 
■ isolation of 4797bp 

DNA fragment 



-digestion with Stu I 
— isolation of 419bp 
DNA fragment 



- ligation 

-transformation of E. coli DH~1 

and cultivation 

- isolation of plasmid pSIQitrp 
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Fig. 15 Construction and cloning of plasmid pSIQktrp 



Clal 



Clal 



'EcoRI 

Ddel 




EcoRV 



EcoRI 

Ddel 



Sail 




EcoRV 



psrrktxp 



pSEQitrp 



-digestion with Clal and EcoRV 

isolation of 4656bp 
DNA fragment 



- digestion with da I 
and EcoRV 

- isolation of 560bp 
DNA fragment 



- ligation 

-transformation of E. coli DH-1 

and cultivation 
-isolation of plasmid pSIQktrp 




5 0302456A1J_> 
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Fig. 16 Construction and cloning of plasmid pilH9005 



Clal 




Stal 



EcoRI 
■Sail 



^Sall 
pCLiPA-^trp 



Clal 




Sail 



PTA9004 



-digestion with EeoRI 

and Ddel 
-isolation of 184bp 
DNA fragment 



(EcoRI) (Ddel) 
DNA fragment(184bp) 



-digestion with StuI and 
EcoRI 

-ligation with oligodeoxy- 
ribonucleotides HP60 and 
HP61 

-treatment with EcoRI 

- isolation of 4364bp 
DNA fragment 



"-(EcoRI ) 

-(Ddel) 
t 

StuI 

DNA fragment (4364bp) 




- ligation 

- transformation of E-eoli DH-1 and 
cultivation - 

-isolation of plasmid phU 9005 



Clal 




Sail 



PHH9006 
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Fig. 17 Construction and cloning of plasmid pthTTtrp 

Clal aal 




■Stall 



Sail 



PMH9006 




StuI 



■digestion with StuI 

.treatment with calf intestinal phosphatase 



-digestion with StuI 

- isolation o£ 419bp 
DNA fragment 



- ligation 

- transformation of E, coli DH-1 
and cultivation 

-isolation of plasmid pthTTtrp 



synthetic trp 
promoter III 




thlltPA gene and 

3 ' -noncoding region 



pthTTtrp 



3all 



Synthetic f d phage 
ter minat or gene 
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Fig- 18 Construction and cloning of plasmid pMH9007 



Clal 




EcoRV 



Sail 



PMH9003 



Clal 




EcoRI 

Ddel _ 
^ StuI 

EcoRI 



-digestion with EcoRI and 
EcoRV 

- isolation of 4340bp DNA 
fragment 

- ligation with synthetic 
o ligodeoxyr ibonuclest i des 
HPS3 and HP59 

-treatment with EcoRI 



- digestion with EcoRI 
and Ddel 

- isolation of 184bp 
DNA fragment 



(EcoRI) (Ddel) 
DNA fragment(l84bp) 



- (EcoRI) 

_-<DdeI) 
f *-( EcoRV) 
(StuI) 

DNA fragment (4367bp) 




- ligation 
-transformation of E. coli DH-1 and 

cultivation 

- isolation of plasmid pMH9007 



Clal 




pMH9007 



Sail 
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Fig. 19 Construction and cloning of plasmid pulltrp 



da I 




PMH9007 



EcoRI 

-Ddel 

StuI 



Sail 



aai 




• digestion with Stu I 

• treatment with calf intestinal phosphatase 

isolation of 4551bp 
DNA fragment 



-digestion with StuI 

- isolation of 419bp 
DNA fragment 



- ligation 

- transformation of E.coli DH-1 

and cultivation 

- isolation of plasmid puTTtrp 

\1/ 



synthetic txp 
promoter in gene Q^ a j 




RI 



uTTtPA gene and 3*-noncoding 
region 

-Ddel" 



Sail 



StuI 
EcoRI 
StuI 

Sau3AI(BamHir 
synthetic fd phage terminator gene 



puTTtrp 
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Fig. 20. Construction and cloning of plasmid pST118 

PqqOt DNA comprising mouse 

V roetallothionein( MtTT ) promoter gene 
MBgll/Hindm) 

Bgll ^ signal peptide gene 

native tPA gene 

& - - # 

3'-noncoding region ^« 

J 

(Bgll/BamHI) 
DNA comprising polyadenylation site 

PST112 

— digestion with BamH I and Sal I 
^— isolation of the large DNA fragment 
BcoRI 



Sail 




BamH I 



Sail 




BamH I 



\1/ 



3' filling with DNA polymerase (Klenow) 

— ligation with T4 DNA ligase 

— transformation of E. coli HB101 
isolation of plasmid pST118 



EcoRl -DNA comprising MOT promoter 

(BglII/Hindm)\ tPA 

Bgl I ' signal peptide gene 

native tPA gene 
& 

3'-noncoding region 



(Banfll/Sall) , < B e 1I / BaniHI > 

^ DNA conprising polyadenylation site 

pST118 
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Fig. 21- (1). cDNA sequence of a native tPA in PST112 

(Upper: Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 SO 60 

5 1 - GTTAAGGGACGCTGTGAAGCAATCATGGATGCAATCAACAGAGGGCTCTGCTGTGTGCTG 

Me tAspAl aMe tLysArsGlyLeuCysCysVal Leu 

70 80 90 100 110 - 120 

CTGCTGTGTGGAGCAGTCTTCGTTTCGCCCAGCCACGAAATCCAfGCCCGjTCAGAAGA 
LeuLeuCysGlyAl&ValPhcVAlSerProSerGlnGluI leHisAIaArsPheAr^Ars 

130 140 150 160 170 180 

GGAGCCAGATCTTACCAAGTGATCTGCAGAGATGAXAAAACGCAGATGATATACCAGCAA 
GlyAl aAr^SerTyrGl nVal I leCysArsAspGluLysThrGlnMetl 1 eTyrGl nOl n 

190 nativ 2 %o tPA 210 220 230 240 

CATCAGTCATGGCtGCGCCCTGTGCTCAGAAGCAACCGGGTGGAATATTGCTGGTGCAAC 
HisGinSerTrpLeuAr«ProValLeuAr£;SerAsnArsVal<*luTyrCysTrpCysAsn 

250 260 270 280 290 300 

ACTGGCAGGGCACAGTGCCACTCAGTGCCTGTCAAAAGTTGCAGCGAGCCAAGGTGTTTC 
SerClyArffAlaGl nCysHi sSerValProValLysSerCysSerGl uProAr^CysPhe 

310 320 330 340 350 3SO 

AACGCGCGCACCTGCCAGCAGGCCCTGTACTTCTCAGATTTCGTCTGCCAGTCCCCCGAA 
AsnGlyGlyThrCysGlnGlnAlaLeuTyrPheSerAcpPheValCysGlnCysProGlu 

370 380 390 400 410 420 

GGATTTCCTGGCAAGTGCTGTGAAATAGATACCAGGGCCACGTCCTACGACGACCAGGGC 
Gl yPheAl *GlyLy*CysCysGl ul 1 eAspThrArgAl aThrCysTyrGl uAspGl nGly 

430 440 450 460 470 480 

ATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGCGCCGAGTGCACCAACTGGAAC 
IleSerTyrArsGlyThrTrpSerThrAlaGluSerGiyAlaGluCysThrAsnTrpAsn 

490 500 510 520 • 530 S40 

AGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGCAGCCCAGACGCCATCAGGCTCGGC 
SerSerAl aLeuAl aGl nLysProTyrSerGlyArgArsProAspAl al 1 eAr^LeuGly 

. . 550 * 560 570 580 590 600 

CTGGGGAACCACAACTACTGCAGAAACCCAGATCCAGACTCAAAGCCCTGGTGCTACGTC 
IiftuGlyAsnHlsAsnTyrCysArsAsnProAspAr^AspSerLysProTrpCysTyrYal 

610 .620 530 640 650 660 

TTTAAGGCGGGGAAGTACAGCTCAGAGTTCTGCAGCACCCCTGCCTGCTCTGAGGGAAAC 
FheLysAl aG 1 yLysTyrSerSerG 1 uPheCysSerThrFro Al aCysSerGI uGl yAs n 

670 680 690 * * 700 710 720. 

. AGTG ACTGCTA C T T 1 GGC A ATCCGTCACCCT ACCGTGGCACGCACAGCCTCACCG AGTCG 
" ' SerAs'pCysTyrPheGlyAsnGlySerAI aTyrAr«Cl yThrHisSerLeuThrGl uSer 

730 740 750 760 770 780 

GGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAGGTTTACACAGCACAG 
GlyAl aSerCysLeuProTrpAsnSerMetl leLeuIl eGlyLysValTyrThrAl aGl n 

790 800 810 820 830 840 

AACCCCAGTGCCCAGCCACTCGGCCTGGGCAAACATAATTACTGCCGGAATCCTGATGGG 
AsnProSerA 1 aGl nA 1 aLeuG lyLeuGl yLysHS s AsnTyrCy sAr^As nPro AspG 1 y 

850 860 870 880 ' 890 900 

GATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGAT 
AspAl aLysProTrpCysHisValLeuLysAsnAr^ArgLeuThrTrpGluTyrCysAsp 

910 920 930 940 950 960 

GTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAA 
ValProSerCysSerThrCysGlyLeuArgGlnTyrSerGlnFroGlnPheArgl 1 eLys 

970 960 990 1000 1010 1020 

GGACGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCAC 
Gl yGI yLeuPheAl aAsp 1 1 eAl aSerHi sProTrpGl nAl aAl a 1 1 ePheAl aLysHI s 

1030 1040 1050 1060 1070 1080 

ACGACCTCCCCCGGAGACCGGTTCCTGTGCGCGCCCATACTCATCAGCTCCfGCTCGATT 
ArsAr^SerProGlyGluArsPheLeuCysGlyGlyl leLeuI I eSerSerCysTrpl I e 
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Fig. 21-(2) . 



1090 1100 1110 1120 it™ 

1210 1220 1230 1240' I9*n^ ,*'«^ 

I leValHlsLysGluFhcAspAspAspThrTyrAspAsnAspi UA?iSSii« SHS 
1270 1280 1290 1300 , 

AAATCCGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGCACTG?CTGCCTTCCC 
LysSerAspSerSerAr^CysAlaGInGluSerSerVaiValAriT^IrJyffluPro 

1330 1340 13S0 ' 1360 1370 1 



S 



1390 1-400 1410 1420 l Ann 

GAGGCCTTCTCTCCTTTCTATTCGGAGCTCCTGAAGGAGGCTCATCTCACACTGTACCCA 
Gl tt AlaLeuSerProPheTyrSerGl„Ar S LeuI.y sGl ttAi;H A ^rAr A rI" A rPr A 



1450 1460 1470 tJAn . iftA - 

TCCAGCCGCTGCACATCACAACATTTACTTAACAGAicAGTCACCGAciACATGCTCTCT 
Ser Se rAr £ Cy 3 Thr Se rGlnHI S LeaLe«A S „Ar S Thr"rThrA A pi A ^ 

1S10 1S20 1530 1S40 1S50" ISSO 

*fIr G w ACA ^? GGACC ^ CCGGCCCCACGCAAAC " GCACCA CGCCT^ 
AlaGIyAspThrArsSerGlyGlyProGInAUAsnLeuHisAspAlaCysGlBGIyAsp 



1S70 1S30 1590 1600 1 Km 

1690 1700 1710 1720 1730 

£^ A S£ A n^ 

^■4 

1750 1760 1770 iT«n ita* 

AATCAGATCCCGCCTCTTCTTCTTCAGAAGACACT^^ 

ACTTCTCCAGACaUC^JcCCCAfiA^ 
GCATTTTCCCAGATACTTCCCATTTTGCAAGTTTTCAG^ 

ctctgtc1§atgggaacacatgaatgc"actagcctct«acgaatII^ 

GCAGAAcfGScCATGCCA^CTGTTT^^ 

agcag^gaaacagca2cacaaaaa?gaaagcat^ 
a -3 ' • 
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Fig. 22. Construction and cloning of plasmid pmIQkll8 



EcoRl 




PST118 



( Bgl I /Hind II ) 

Bell 
Aval 
Bbel 



(Bgl I/BamH I ) 



p digestion with Ava I 
& Bbel 



[- isolation of 46 bp 
DNA fragment 

-4— 



-digestion with Bgl I & .Bbe I 

-isolation of the large 
DNA fragment 



(Ava I ) 

95 
AspGln 



EcoR I 




GACCAG •• 
GTC 

(Ava I ) 



Bbe I 



(Bgl I ) L 92 94 

SerCysIyrGlu 

5 ' GATCTTGCIACGAG 

AACGATGCTCCIGS 



(Bgl I /BamH I ) 



- 5' phosphorylation with 
14 polynucleotide kinase 



(Bbel ) 
.... QXy 



GGCGC 
C 



-ligation with 14 DNA ligase 
— transformation of E.coli DH-1 

and cultivation 
-isolation of plasmid pmTQkll8 



EcoR I/- DNA comprising MMT promoter gene 



DNA comprising 
polyadenylation 
site 




(BglI/Hindm))tPA 



Bgl I 
Aval 
Bbel 



•"signal peptide gene 



1 



mlQktPA gene 
& 

3'-noncoding region 



pmIQkll8 



(Bgl I/BamH I ) 
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Fig. 23. Construction and cloning of plasmid pmIQkll2 



EcoRI 




(Bgl I /Hind I) 
Bgll 



PSI112 



Xraa I 
(Bgll/BamHI ) 



EcoR I 




Bgll. 



pmIQkll8 



Xma I 



- digestion with Bgl I and Xroa I 

- isolation of the large DNA 
fragment • 



- digestion with 
Bgl I and Xma I 

- isolation of 
1252bp DNA 
fragment 



EcoRI 




(Bgl H ) (Xma I ) 

ArgSerCys — - Val ou ' 

GATCT TGC GTC 

A ACG CAGGGCC 



- ligation with T4 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasroid proTQkll2 



EcoRI 



DNA comprising 

polyadenylation 

site 




EMA cdnprisirig 
MOT promoter 



pmTQkll2 



(Bgl I /HindU) 
Bgll 



ial 

(Bgl I/BaroH I ) 



y signal peptide gene 

mTQktPA gene 
& 

•J 3 ' -noncoding region 
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Fig. 24. Construction and cloning of plasmid pHS9006 



synthetic trp 
promoter III gene 



Clal 



-digestion with 
EcoR I & Cla I 



-isolation of 
the large 

DNA rn* t * 

fragment KK,xa 1 ' 




TTktPA gene 
& 

3 ' -noncoding region 



Sau3A I (BamH I ) 
pTTkPAAtrp'Sal i*" synthetic fd phage terminator gene 



Arg~lSerl74 



5 ' CGATAAAATGGGTCCIAGATC 

TAITTTACCCAGGATCIAGACI 5' 

synthetic DNA 



-digestion with 
EcoR I & Dde I 

-isolation of 
92bp DNA 

fragment 



EcoR I 



* Cla I 




EcoR I 



Sal I 



(Dde I ) (EcoR I ) 

Glul7S 

— ProTrp 

TGAG t - CCGTG 

C - GGCACTTAA 



- 5 'phosphorylation with"* 
14 polynucleotide kinase 



- ligation with T4 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasmid pHS9006 



synthetic trp 
promoter III gene 



Clal 



■Bgll 
■EcoR I 




PHS9006 



ITktPA gene lacking 
472bp EcoR I DNA fragment 

(Asn205-Lys361)and 
3 '-noncoding region 



Sau3A I (BamH I ) 
Sal I synthetic f d phage terminator gene 
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Fig. 25. Construction and cloning of plasmid pHS3020 



EcoR 




'Sau3AI(BamHI ) 
pTTkPAAtrp Sal I 



EcoR I* Cla I 




PHS9006 



EcoR I 



Apa I 

Sau3A I 
(BamH I ) 
Sail 



- digestion with EcoR I (partial) 
and Apa I 

- isolation of 784bp 
DNA fragment 



- digestion with EcoR I 
and Apa I 



- isolation of the 
large DNA fragment 



AsnSer " - GlyPro 

AAITCC GGGCC 

GG C 



466 



EcoR I* 



EcoR I 




- ligation with T4 DNA ligase 
transformation of E. coli DH-1 
isolation of plasmid pHS3020 



synthetic trp 
promoter II gene 



Clal 



EcoR 




I 

EcoR I 



PHS3020 



TTktPA 
gene and 

3'-noncoding region 



ipa I 

Sau3A I (BamH I ) 
Sal synthetic f d phage terminator gene 
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Fig. 26. Construction and cloning of plasmid pmlTk 



EcoRI*_2^— Bgll 




EcoRI 



Sma I 

Sau3AI(BamH I ) 
PHS3020 'Sal I 




pmTQkll2 (Bgl I /BamH I ) 



- digestion with Bgl II and Sma I 

- isolation of the small 
DNA fragment 



- digestion with Bgl I and Sma I 

- isolation of the large DNA 
fragment 



(Bgl I ) (Sma I ) 

AYgSer 1 ValPro508 

GATCI GTCCC 

A CAGGG 



EeoR I 



Bgll 




- ligation with T4 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasmid pmTTK 



EcoRI 



DNA ooirprisini 
po lyadeny lat ion 
site 




i£<BglI, Hindi) 



Bgll 
ISma I 



} 



DNA comprising 
• MOT promoter gene 

tPA signal peptide gene 

TTktPA gene and 
3'-noncoding region 
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Fig. 27. Construction and cloning of plasmid pMH3025 



IfcoRI*^! 1 




Bgll 
EcoRI 



EcoR I*XcVJ 



Sau3AI(BamHI ) 
PHS9006 'Sal I 




*Sau3A I 
V-^BamHI)" 

pSTIktrp Sail 



synthetic trp promoter 11 
gene 

EcoR V j STTtePA S ene 
I and 

EcoR I -JT 3'- n0 ncoding 
region 

" "^synthetic fd phage 



terminator 



- digestion with EcoR I 

5 1 dephosphorylation 
with calf intestinal 
phosphatase 



\1/ 



digestion with EcoR I 

- isolation of 472bp 
DNA fragment 




(EcoR I ) (EcoR I ) 

AATTCC - AAGG 

GG TTCCTTAA 



- ligation with T4 DNA ligase 

- transformation of E.coli DH-1 

- isolation of plasmid pMH3025 



synthetic trp "g^g pfi* Gla I 



promoter M 
gene 




PMH3025 



Bgl I 

SITktPA gene 
and 

3 ' -noncoding 
region 

Sau3AI (BamHI) 
Sail ^ synthetic fd phage terminator 
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Fig. 28. Construction and cloning of plasinid prnSTTk 



EcoRI*SfAr Bs11 
cEcoRV 



Sma I 




Sau3AI(BamH I ) 
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Fig; 29 



CCGAATQ 



DNA Sequence of coding region in pTTkPAAtrp 

( Upper : Coding chain 
Lower: Coded amino acid sequence) 



I I 10 20 / 30 40 50 50 

5 ' -AT^CTOAGCGAAACAGTCACjrCCTACTTTCGGAATGCGTCAGCCTACCCTCCCACCCA^ 
MetSerCIIuGlyAsnSerAspCysTyrPheGlyAsnGlySerAIaTyrArgGlyThrHis 
TTU-trPA 

70 80 90 100 - 110# 120 

AGCCTC^CCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTf ATAGGCAAG 
SerLeuThrGl uSerGl yAI aSerCysLeuProTrpAsnSerMe til eLeuI I eG I yLys 

130 140 150 160 170 180 

CTTTAC^CAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGCGCAAACATAATTACTGC 
ValTyrThrAlaGlnAsnProSerAlaGlnAlaLeuGIyLeuGlyLysHisAsnTyrCys 



190 200 210 220- 230 240 

CTCATGGGGATGCCAAGCCCTCGTGCCACGTGCTGAAGAACCCCAGGCTGACG 



Ar^AsnRroAspqiyAspAiaLysProTrpCysHisValLeuLysAsnAr^ArsLeuThr 

2S0 2S0 270 280 290 300 

TGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCACCCT 
TrpGluTjyrCysAspValProSerCysSerThrCysGiyLeuArsGlnTyrSerGInPro 

310 320 330 - 340 350 360 

CAGTTTOGCATCAAAGGAGGGCTCTTCGCCGACATCdcCTCCCACCCCTGGCAGGCTGCC 
GinPheAr^U eLysGlyGlyLeuPheAlaAspI l eAI aSerHi sProTrpGl nAI aAI a 

370 380 390 400 410 420 

ATCTTTGCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACfCATC 
IlePheAlaLysHisArsArgSerProGlyGluArsPheLeuCysGl yGly 1 1 eLeuI 1 e 

430 440 450 * 460 " 470 480 

AGCTCCTGCTCGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCAC 
SerSerOysTrpUeLeuSerAlaAlaHisCysPheGInGluArsPheProProHisHis 

490 500 510 520 530 540 

CTGACGqrGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTT 
LeuThrVal 1 1 eLeuGl yArsThrTyrArgVai ValProGIyGl uGt uGluGl nLysPhe 

530 560 370 580 590 600 

S^ A ^?S^^ AA I AC ^ TTGTCCATAAGGAATTCGATGATC ACACTTAC 
GluValGluLysTyrlleVaLHisLysGluPheAspAspAspThrTyrAspAsnAspI le 

310 620 630 640 650- 660 

GCGCTGCrGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGC 
AiaLeuLBuGInLeuLysSerAspSerSerAr^CysAlaGInGluSerSerVaiYal Arg 



ACTGTGT 



570 680 690 700 ^ 710 720 

CCTTCCCCCCGCCGACCTGCAGCTGCCGGACTGGACGCAGTGTGACCTCTCC 



ThrValCrsLeuProProAlaAspLeuGlnLeuProAspTrpThrGluCysGIuLeuSer 

T30 740 750 " 760 " 770 780 

GGCTACG3CAAGCATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCAT 
GlyTyrGLyLysHisGIuAlaLeuSerProPheTyrSerGluArgLeuLysGluAlaHis 

790 800 810 820 830 840 

GTCAGACrGTACCCATCCACCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
VaiAr^LsuTyrProSerSerArffCysThrSerGlnHisLeuLeuAsnArsThrValThr 

p50 860 870 880 890 900 

GACAACAJTGCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCACGCAAACTTGCACGAC 
AspAsnM s tLeuCys AI aGl yAspThrArgSerGI yGl yProGI nAI aAsnLeuHi sAsp 

HO 920 930 940 950 960 

GCCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTG 
AlaCysGLnGlyAspSerGlyGlyProLeuValCysLeuAsnAspClyAr^MetThrLeu 

>70 980 990 1000 1010 1020 

GTGGGCA rCATCAGCTGGCGCCTGGGCTGTGGACAGAACGATGTCCCGGGTGTGTACACA 
ValGl yl fell eSerTrpGl yLeuGI yCysGl yGI nLysAspVal ProGl yVal TyrThr 

Lb30 1040 1050 106O 1070 

AAGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA -3 • 
LysValTjirAsnTyrLeuAspTrpI I eAr*AspAsnMe tArgPro*** 
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Fig-. 30 - DNA sequence of coding region in pTTiPAAtrp 



(Upper: Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 SO 60 

5 • - ATGTCTGACGGAAACAGTGACTGCTACTTTGGGAATGGCTCAGCCTACCGTGGCACGCAC 
Me ISerGluGlyAsnSerAspCysTyrPheG I yAsnGlySer.A I aTyry sG iyThrH i s 

KTT.-tPA . 

70 SO 90 100 X10 120 

AGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATACGCAAG 
SerLeuThrGtuSerGiyAlaSerCysLeuProTrpAsnSerMeU ieLeuI leGlyl.ys 

130 140 150 160 170 180 

GTTTACACAGCACAGAACCCCAGTCCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
YalTyrThrAlaGlnAsnProSerAl aGlnAl aLeuGlyLeuGl yLysHisAsnTyrCys 

190 200 210 220 230 240" 

CCGAATCCTCATGGGCATGCCAAGCCCTGGTGCCACGTCCTGAAGAACCGCAGGCTGACG 
ArsAsnProAspGlyAspAiaLysProTrpCysHisValLeaLysAsnArgArffLeuThr 

250 260 270 280 290 300 

TGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCT 
TrpGluTyrCysAspValProSerCysSerThrCysGIyLeuAr^GI nTyrSerGl nPro 

^310 320 330 340 350 360 

CAGTTTCCCATCATAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCC 
GlnPheArgl lell eGl yGlyLeuPheAl aAspI 1 eAl aSerHi sProTrpGl nAl aAi a 

370 3S0 390 400 410 420 

ATCTTTGCCAAGCACAGGACGTCGCCCGCAGAGCGGTTCCTGTGCGGCGGCATACTCATC 
1 1 ePh eAl aLysH I s Ar^ArgSer ProG I yGl uArgPheLeuCy sG I yG I y 1 1 eLeuI 1 e 

430 * 440 430 460 470 480 

AGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCAC 

SerSerCysTrp 1 1 eLeuSerAl aA 1 aHlsCysPheG 1 nG 1 uArsPheProProHi sH i s 

490 500 510 520 530 540 

CTGACGGTGATCTTGGGCACAACATACCGGGTGGTCCCTGCCGAGGAGGAGCAGAAATTT 
i LeuThrVal U eLeuGl yArsThrTyrArsYal Va I ProG I yG I uG I uGluGlnLy sPhe 

1 SpO 560 570 580 590 600 

! GAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATT 
i GluValGluLysTyrI 1 eValHi sLysGluPheAspAspAspThrTyrAspAsnAspI le 

610 520 630 640 550 660 

GCGCTCCTGCAGCTG A A AT CGCATTCGTCCCGCTGTGCCC AG G AG AGCAGCGTGGTCCGC 
AlaLeuLeuGlnLeuLysSerAspSerSerAr^CysAlaGlnGLuSerSerValVaiArg 

570 580 690 700 710 720 

ACTGTCTCCCTTCCCCCGCCGCACCTGCAGCTGCCGGACTCGACGGACTGTGAGCTCTCC 
ThrValCysLeuProProAlaAspLeuGlnLeuProAspTrpThrGiuCysGiuLeuSer 

730 740 750 760 770 780 

GGCTACGGCAAGCATGACGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCAT 
GlyTyrGlyLysHisGluAiaLeuSerProPheTyrSerGiuArsLeaLysGlttAiaHi s 

790 800 810 820 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
ValArsLeuTyrProSerSerArsCysThrSerGlnHisLeaLeuAsnArsThrYalThr 

850 - 860 870 • 880 890 ..900 

GACAACATGCTGTGTGCTGGAGACACTCGGAGCGCCGGGCCCCAGGCAAACTTGCACGAC 
AspAsnMetLeuCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeuHisAsp 

910 920 930 940 950 960 

GCCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTG 
" Al aCysG) nCl yAspSerGI yG I yPr oLeuVal CysLeuAsnAspCl yArgMe tThrLeu 

970 980 990 1000 1010 102O 

GTGCGCATCATCACCTCGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACA 
ValGlyl leneScrTrpClyLeuGtyCysGlyGlnLysAspYalProGlyValTyrThr 

1030 1040 ■" * 1050 * 1060 10^0 

AACGTTACCAACTACCT AGACTGCATTCGTGACAACATGCGACCGTGA - 3 • 
LysValThrAsnTyrLeuAspTrpI I eArgAspAsnMe tArgPro*** 
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Fig. 31. DNA sequence of coding region in pTQkPAAtrp 
(Upper: Coding chain, Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 * - ATGTGTTATGAGGACCAGGGCATCAGCTACAGGGCCACGTGGAGCACAGCGGAGAGTCGC 
MetCysTyrGl uAspGInGl yl 1 eSerTyrArjGl yThrTrpSerThrAl aGluSerGI y 

70 30 * 90 100 110 120 

GCCGAGTCCACCAACTCGAACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGG 
AI aGl uCysThrAsnTrpAsnSerSerAI aLeuAl aGl nLysProTyrSerGlyArgArs 

130 140 150 160 170 Trf 

CCACACGCCATCAGGCTGGGCCTGCGGAACCACAACTACTGCAGAAACCCACATCGACAC 
ProAapM a! 1 eArgLeuCl yLeuGl yAsnHI sAsnTyrCysArjAsnProAspArj Asp 

. 190 200 210 220 230 240 

* TCAAAGCCCTGGTCCTACGTCTTTAAGCCGGGCAAGTACAGCTCAGAGTTCTGCAGCACC 
SerLysProTrpCysTyrYa IPheLysAl aGl yLysTyrSerSerGl uPh eCysSerThr 

250 260 270 280 290 300 

CCTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTTCGGAATGGGTCAGCCTACCGTGGC 
ProAI aCysSerGl uGl yAsnSerAspCysTyrPheGl yAsnGlySerAl aTyrArsCly 

310 320 330 340 350 360 

ACGCACAGCCTCACCGAGTCGCCTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTCATA 
ThrHl sSerLeuThrGluSerGlyAl aScrCyaLeuProTrpAsnSerMe t 1 leLeuE 1 e 

370 380 390 400 410 420 

CGCAACGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAAT 
Gl yLysValTyrThrAl aGl nAsnProSerAt aGl nA I aLeuGl yLeuGlyLysHlsAsn 

430 440 450 460 470 480 

TACTGCCGGAATCCTGATGGGGATCCCAAGCCCTGGTCCCACGTGCTGAACAACCGCAGG 
TyrCysArjAsnProAapGlyAspAl aLysProTrpCysHlsVa I LeuLysAsnAr*Ar« 

490 ' 500.' 510 520 530 540 

CTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCCGCCTGAGACAGTACAGC 
LeuThrTrpGl uTyrCysAspVal ProSerCysSerThrCyaClyLeuAr^GlnTyrSer 

550 560 570 580 590 600 . 

CAGCCTCAGTTTCGCATCAAACGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGCCAG 
Gl nProGl nPheArj 1 1 eLysClyGl yLeuPheAIaAapl 1 eA I aSerH t sProTrpGi n 

610 620 630 640 650 660 

GCTGCCATCTTTGCCAAGCACAGGAGGTCGCCCCCAGAGCGGTTCCTGTGCGGGGGCATA 
AI aAl al I ePheAlaLysHl sAr*ArsSerProGIyGl uAr*PheLeuCysGtyGl y U e 

670 680 - 590 700 710 720 

CTCATCAGCTCCTGCTCGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCC 
Leut I eSerSerCysTrpI I eLeuSerAl aAl aHlaCysPheGl nGluAr^PheProPro 

730 740 7S0 760 770 780 

CACCACCTGACGGTCATCTTCGGCAGAACATACCCGGTGGTCCCTGGCCAGGAGGAGCAG 
HIsHIsLeuThrVal II eLeuGl yAr*-ThrTyrAr*Yat YalPro<JlyGl uGluGluGln 

790 800 810 820 830 "* 840 

AAATTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAAT 
LysPheGluYalGlvLysTyrl I eValKt sLysGluPheAspAspAapThrTyrAspAsn 

850 860 370 880 890 900 

GACATTCCGCTGCTGCACCTGAAATCCGATTCGTCCCGCTGTGCCCACGAGACCACCCTG 
Asp It cAlaLeuLeuGlnLeuLysSerAspSerSerArgCysAl aGl nG I uSerSerVa I 

910 920 930 940 9S0 960 

GTCCGCACTCTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGACTCGACGGAGTGTGAG 
YalArsThrValCysLeuProProAl aAspLeuGI nLeuProAspTrpThrGl uCysGl u 

970 960 990 1000 1010 1020 

CTCTCCGGCTACGGCAAGCATGACGCCTTGTCTCCTTTCTATTCGCACCGGCTGAAGGAG 
LeuSerGiyTyrGlyLysHlsGluAl aLeuSerProPheTyrSerGluArrLeuLysGt u 

\ . 1030 1040. 1050 1060 1070 1080 

GCTCATGTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTrAACAGAACA 
,AiaHIsVa|ArrLeuryrProSerSerArrCy3ThrSerGlnHlsLeuLeuAsnAraTThr 

1090 1100 1110 1120 1130 1140 

GTCACCGACAACATGCTGTGTGCTGGACACACTCGGAGCGGCGGCCCCCAGGCAAACTTG 
Val ThrAspA* nM« tLeuCys Al aGl yAspThrAr*SerG| yd yProG 1 nAlaAsnLeu 

1150 1160 1170 1130 1190 1200 

CACGACGCCTGCCACGGCGATTCCGGAGGCCCCCTGGTCTGTCTGAACGATGGCCGCATG 
-** . .* HlsAapAl aCysGlnGlyAspSerGlyGlyProLeuValCysLeuAsnAspGlyArfMet 

1210 1220 1230 1240 12SO 1260 

ACTTTCGTCGCCATCATCAGCTCGGGCCTGGCCTGTGGACAGAACGATGTCCCGGGTGTG 
ThrLeuVAlGlyt let LeSerTrpGl yLeuGlyCysGl yGl nLysAspYal ProGl yVa I 

1270 . 1230 1290 1300 1310 

• TACACAAAGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCCACCGTGA - 3 < 
TyrThrLysValThrAanTyrLeuAspTrp 1 1 eArsAapAsnMe tArxPro*** 
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Fig. 32. DNA sequence of coding region in pTQiPAAtrp 



(Upper: Coding- -chain , Lower: Coded amino acid sequence) 

10 20 30 40 50 60 

5 1 - ATGTGTTATGACGACCAGGGCATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGC 
Me tCysTyrGl uAspGl nGl /II eSerTyrAr«Gl yThrTrpSerThrAl aGl uSerGI y 
1-^ TO'ibPA 

70 80 90 100 110 120 

GCCGAGTGCACCAACTGGAACAGCACCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGACG 
A! aGIuCysThrAsnTrpAsnSerSerAl aLeuAl aClnLysProTyrSerGt yAr*Ar£ 

130 140 ISO 160 170 180 

CCACACGCCATCAGGCTGGGCCTGGGGAACCACAACTACTGCAGAAACCCAGATCGAGAC 
ProAspAlal I eArgLeuGlyLeuGlyAsnHlsAsnTyrCysArgAsnProAspArgAsp ^ 

190 200 210 220 230 240^* 

TCAAACCCCTGCTGCTACCTCTTTAACGCGGCCAAGTACACCTCACAGTTCTGCAGCACC 
ScrLysProTrpCysTyrVdl PheLysAl aGlyLysTyrSerSerGl uPheCysSerThr 

250 260 270 280 290 300 

CCTGCCTGCTCTGAGGGAAACACTGACTGCTACTTTGGGAATGGGTCACCCTACCGTGGC 
ProAlaCysSerGluGlyAsn5erAspCysTyrPh eGl yAsnGl ySerAl aTyrAr^Gt y 

310 320 330 340 350 360 

ACCCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATA 
ThrHIsSerLeiiThrGl uSerGlyAI aSerCysLeuProTrpAsnSerMe 1 1 1 eLeut 1 e 

370 380 390 400 410 420 

GGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGCCACTGCGCCTGCGCAAACATAAT 
GlyLysValTyrThrAIaGlnAsnProSerAlaGinAiaLeuClyLeuClyLysHlsAsn 

430 440 450 4S0 470 480 

TACTCCCGGAATCCTCATGCGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGG 
TyrCysArsAsnProAspGlyAspAlaLysProTrpCysHlsVaiLeuLysAsnAryArff 

490 500 510 . 520 530 S40 

CTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAOACAGTACAGC 
LeuThrTrpGl uTyrCysAsp Va IProSerCysSerThrCysGI yLeuAr^Gl nTyrSer 

550 560 570 580 590 - 600 

C AGC CtC AGTTTCGCATC AT AG G AGGCCTCTTCGCC G AC A TCGCCTCCC ACCCCTGGC AG 
GlnProGInPheAr^Uen eGlyGLyLeuPheAlaAspI leAlaSerHIsProTrpGl r\ . 

610 620 630 640 650 660 

GCTGCCATGTTTGCCAAGCACAGGACGTCGCCCGGAGAGCCGTTCCTGTGCGGGGGCATA 
AlaAlaUePheAlaLysHlsArsArsSerProGtyGluAr^PheLeuCysGlyGlyl le 

670 680 690 -700 710 720 

CTCATCAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCC 
Leu T ! eSerSerCysTrp 1 1 eLeuSerAl aAl aHl sCysPheGl nGIuArs*PheProPro 

730 740 750 760 770 780 

CACCACCTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAG 
HlsHlsLeuThrValUcLeuGlyArsThrTyrArsValValProGlyGluGluGluGln 

790 '800 810 820 830 840 

AAATTTGAACTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAAT 
Ly s PheGIuValGl uLy sTy r 1 1 eValHis Ly sG luPh e As p As p As pTh rTy r As p As n 

850 860 ■ 870 88fr 890 9O0 

CACATTGCCCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTCCCCAGGAGAGCAGCGTG 
Asp 1 1 c A t aLeuLeuG I nLeuLysS erAspSe rSe rArgCya Al aGl nG 1 uSerSerV a 1 

910 920 930 940 950 960 

GTCCGCACTGTGTGCCTTCCCCCCGCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAG 
YalArsThrValCysLeuFroProAl aAspLeuGl RLeuProAspTrpThrGluCysGlu 

9T0 980 990 1000 1010 1020 

CTCT CCGGCT ACGGC A AGC ATG AGGC CTTGTCTCCTTTCT ATTCGGAGCGGCTG A AGG AG 
LeuSerGlyTyrGlyLysHlsGluAlaLeuSerProPheTyYSerGluAr&'LeuLysGlu 

1030 1040 1050 1060 1070 1080 

GCTCATGTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACA 
AlaHlsValArgLeuTyrProSerSerArsCysThrSerGlnHlsLeuLeuAsnArsThr 

1090 1100 1110 11 20 1130 1140 

GTCACCGACAACATGCTGTGTGCTCGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTG 
ValThrAspAsnMetLettCysAI aGt yAspThrArg SerGI yGlyProClnAl aAsnLeu 

1150 1160 1170 1180 1190 1200 

. CACGACGCCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATG 
HI sAspAl aCysG 1 nClyA*pSerCl yGl yProLeuValCysLeuAsnAspGlyArgMe t 

1210 1220 1230 1240 1250 1260 

ACTTTGGTCGGCATCATCAGCTGCCGCCTGGGCTGTGGACAGAAGGATGTCCCCGGTGTG 
ThrLeuValGlyl lei USerTrpGl yLeuGlyCysGl yGlnLysAspVal ProGl yVal 

1270 1280 1290 1300 1310 

TACACAAAGGTTACCAACTACCTACACTCGATTCGTGACAACATGCGACCGTGA -3 ' 
TyrThrLys ValThrAanTyrLeuAspTrpi I eAr&*AspAsiuHetArsPro*** 
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Fig- 33. DNA sequence of coding region in pSTTktrp 
(Upper: Coding chain 
Lower: Coded amino acid sequence) 

10 20 30 40 50 60 

5 1 -ATGTCTGAGCGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTCGCACCCAC 
Me tSerGluGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGlyThrHis 

70 80 90 100 110 120 

' AGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAG 
SerLeaThrGluSerGlyAlaSerCysLeuProTrpAsnSerHet^eLeuI leGlyLys 

130 140 ISO 160 170 180 

GTTTACACAOCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
YalTyrThrAlaGlnAsnProSerAlaGlnAlaLeuGiyLeuGlyLysHisAsnTyrCys 

190 200 210 220 230 240 

CGGAATCCTCATGGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG 
ArsAsnProAspGl yAspA i aLysProTrpCysHi sVai LeuLysAsnArgArsLeuThr 

250 260 270 280 290 300 

TGGCAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCA 
TrpGiuTyrCysAspYalProSerCysSerThrCysGiyLeuArgGlnTyrSerGlnPro 

310 320 330 340 350 360 

CAGTTTGATATCAAAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCC 
Gl nPheAspl 1 eI.ysG I yC 1 yLeuPheAl aAsp 1 1 eAl aSerHI sProTrpGl n Al aAl a 

370 330 390 400 410 420 

ATCTTTGCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTCTGCGGGGGCATACTCATC 
I i ePheAI aLysHt s ArgArgSerProGlyGl uArsPheLeuCysGlyGl Y 1 1 eLeuI 1 e 

430 440 450 460 470 480 

AGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCAC 
SerSerCysTrpILeLeuSerAIaAlaHxsCysPheGltiGluArgPheProProHisHis 

490 SOO 510 520 5 30 5 40 

CTGACGCTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTT 
LeuThrVatlleLeuClyArsThrTyrArffValValProGlyGluGluGluGInLysPhe 

550 SSO 570 580 5 90 600 

GAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATT 
GluValGiuLysTyr r leValHisLysGluPheAspAspAspThrTyrAspAsnAspIle 

610 620 630 640 650 660 

GCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGC 
AlaLeuLeuGlnLeuLysSerAspSerSerArsCysAlaGliiGlttSerSerValValArs 

570 680 690 700 710 720 

ACTGTGTGCCTTCCCCCCGCGGACCTGCACCTGCCGGACTGGACGGAGTGTGAGCTCTCC 
ThrValCysLeuProProAlaAspLeuGlnLeuProAspTrpThrGluCysGluLeuSer 

730 740 7SO 760 770 780 

GGCTACGGCAAGCATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCAT 
GlyTyrGlyLysHlsGluAlaLcuSerProPheTyrSerGluAr«LeuLysGluAlaHis 

790 800 310 820 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
YalArsLettTyrProSerSerArsCysThrSerGinHisLeuLeuAsnArgThrValThr 

850 860 870 880 890 900 

GACAACATGCTGTGTGCTCGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGAC 
AspAsnMetLeuCysAlaGlyAspThrArsSerGlyGIyProGlnAlaAsnLeuHisAsp 

910 920 930 940 950 960 

GCC7GCCAGGGCGATTCGCGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTG 
AlaCysGlnGlyAspSerGIyGiyProLeuValCysLeuAsnAspGlyArsMetThrLeu 

970 980 990 1000 1010 1020 

GTCGGCATCATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACA 
ValGlyl lei leSerTrpGlyLeuGlyCyaGlyGlnLysAspValProGIyValTyrThr 

1030 1040 1050 1060 1070 

AAGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCCACCGTGA -3 
LysVaiThrAsnTyrLeuAspTrpI IeAr*AspAsnMefcAr*Pro*** 



NSDOCID: <EP_0302456A1J_> 



EP 0 302 456 A1 

Fig. 34. DNA sequence of coding region in pSTQktrp 
(Upper; Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 » - ATGTGTTATGAGGACCAGGGCATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGC 
MetCysTyrGluAspGlnGlyl 1 eSerTyrAr«*G I yThrTrpSerThrAl aGt uSerC I y 
H> STOKtpA 

70- 80 90 100 HO 120 

GCCGAGTCCACCAACTGGAACAGCAGCCCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGG 
AlaGIuCyaThrAsnTrpAsnSerSerAlaLeuAlaGlnLysProTyrSerGlyArjAr^ 

130 140 150 160 170- - #80 

ccagacgccatcaggctgggcctgcggaaccacaactactgcagaaacccagatcgIIgac 

PraAspAl alleArsLeuGlyLeuGlyAsnHlsAsnTyrCysArsAsnProAspArffAsp 

190 200 210 220 230 240 

TCAAAGCCCTGGTCCTACGTCTTTAACCCGGGGAAGTACACCTCAGAGTTCTGCAGCACC 
> SerLytFroTrpCysTyrValPheLysAI aGlyLysTyrS*rSerCl uPheCysSerThr 

250 260 270 280 290 300 

CCTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTTGCGAATGGGTCAGCCTACCGTGGC 
Pro A I aCysSerGl uG I yAsnSer AspCyaTyrPheGl yAsnGl ySerA I aTyrAr^G 1 y 

310 320 330 340 3S0 360 

ACGCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATA 
ThrHl3SerLeuThrGluSerGlyAlaSerCyaLeuProTrpAsnS«rMekneLeuI le 

370 3SO 390 400 410 420 

GGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGCGCAAACATAAT 
GlyLyaValTyrThrAl aG 1 nAsnProSer A 1 aG I nA I aLeuGlyLeuGlyLysK Is As n 

430 440 450 460 470 480 

TACTGCCGGAATCCTGATGGCGATGCCAACCCCTGGTGCCACCTCCTGAAGAACCGCAGG 
TyrCysAr^A'aoProAspGIyAspAlaLysProTrpCysHlaValLeutysAsnArKArg 

490 500 510 • 520 ' - S30 540 

CTGACGTCCGAGTACTGTGATGTGCCCTCCTGCTCCACCTCCGGCCTGACACAGTACAGC 
LeuThrTrpGluTyrCyaAapValProScrCysSerThrCysGlyLeuArgGlnTyrSer 

550 560 570 580 590 600 

CAGCCACAGTTTGATATCAAAGGAGCCCTCTTCCCCGACATCCCCTCCCACCCCTGGCAG 
GUProGlnPheAsprieLysGlyGtyLeuPheAlaAsprieAIaSerHlaProTrpGln 

610 620 630 640 6S0 660 

GCTGCCATCTTTGCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATA 
AlaAtaHePheAl aLysHlsArffArsSerProGiyGluArxPheLeuCysGlyGly( 1 e 

670- 680 690 • 700 710 720 

CTCATCAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCC 
LettUeSerSerCysTrpI I eLeuSerAl aAlaHlaCysPheGlnGiuArsPheProPro 

730 740 750 760 770 780 

CACCACCTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGACGACGAGCAG 
H 1 3 H I s Le uTh r V a 1 11 e LeuG I yAr«Th rTyr Ar«V a ! V a 1 ProGl yGluGluGluGln 

790 800 810 820 830 840 

AAATTTGAACTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTrACGACAAT 
LysPheGluValGluLysTyrl leValHlsLyaGt uPheAapAspAspThrTyrAspAsn 

850 860 870 880 890 900 

. GACATTGCGCTGCTGCAGCTGAAATCGCATTCCTCCCCCTGTGCCCACCACAGCAGCGTG 
Aapl leAlaLeuLeuGlnLeuLysSerAapSerSerAr^CysAlaGlnGluSerSerVal 

910 920 930 940 950 960 

GTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAG 
ValArsThrValCysLeuProProAlaAapLeuGlnLeuProAspTrpThrGluCysGla 

970 980 990 1000 1010 1020 

^ CTCTCCGGCTACGGCAACCATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAG 
LetiSerGlyTyrGlyLysHljGluAlaLeuSerPrqPheTyrSerGluArxLcttLysGlu 

1030 1040 1050 1060 1070 ' 1080 

GCTCATGTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACACAACA 
AlaHlaValArgLeuTyrProSerSerArsCyaThrSerGlnHlsLeuLeuAanAr^Thr 

1090 1100 1110 1120 1130 1140 

GTCACCGACAACATGCTGTGTGCTGGAGACACTCCGAGCGGCGGGCCCCACGCAAACTTG 
ValThrAspAsnMelLeuCysAlaGlyAspThrArzSerGtyGlyProGlnAlaAsnLeu 

1150 1180 1170 1180 1190 1200 

CACGACGCCTGCCAGCGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATCCCCGCATG 
Hi aAspA 1 aCysO 1 nG I yAa pSerGl yG I yProLeuVa | CysLeuAsn AspG 1 yArjMe t 

1210 1220 1230 1240 1250 1260 

ACTT-rCGTGCGCATCATCAGCTCGGCCCTGCCCTGTGGACACAAGGATGTCCCGGGTGTG 
ThrLeuValGlyl lei leSerTrpGtyLeuGl yCysGl yGlaLyaAapVaLProGlyVal 

1270 1280 1290 1300 . 1310 

TACACAAAGGTTACCAACTACCTAGACTGGATTCGT.GACAACATGCGACCGTGA 3 !. 
TyrThrLysVatThrAsnTyrLeuAspTrplleArsAspAsnMetArsPro*** 



EP 0 302 456 A1 



Fig. 35. DWA sequence of * coding region in pSTQitrp 
(Upper: Coding chain 
Lower: Coded amino acid sequence) 

10 20 30 AO SO 60 

5 « _ ATGTGTTATGACGACCAGGGCATCAGCTACaCGGGCACCTCGAGCACAGCGGAGAGTGGC 
HetCysTyrGI uAspGlnGlyl 1 eSerTyrAr^GlyThrTrpSerThrA 1 aGl uSerGl y 

70 80 90 100 110 120 

GCCGAGTGCACCAACTCGAACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGG 
AlaGl uCysThrAsnTrpAsnSerSerAl aLeuAlaGl ntysProTyrSerG I yAr«Ar« 

130 140 150 160 170 - 180 # 

CCACACGCCATCACGCTCGGCCTGGCGAACCACAACTACTGCAGAAACCCAGATCGACAC^ 
ProAspAlal leArsLeuGlyLeuGlyAsnHlaAsnTyrCysAr^AsnProAspArsAsp 

190 200 210 220 230 240 

TCAAAGCCCTGGTGCTACCTCTTTAACGCGGGGAAGTACAGCTCAGAGTTCTGCAGCACC 
SerLysProTrpCysTyrValPheLysAl aGl yLysTyrSerSerGl uPheCysSerThr 

250 260 * 270 280 290 300 

CCTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGC 
ProAl aCysSerG! uGIyAsnSerAspCysTyrPheGI yAsnGi ySerA t aTyrAr^Gl y 

310 320 330 340 350 350 

ACCCACAGCCTCACCGAGTCGGGTGCCTCCTCCCTCCCGTGGAATTCCATGATCCTGArA 
ThrHl sSerLeuThrG luSerGI yAI aSerCysLeuProTrpAanSerMe 1 1 1 eLeu 1 1 e 

370 380 390 400 410 420 

CGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGCCACTGGGCCTGGGCAAACATAAT 
Gl yLys Ya ITyrThrA I «Gl nAsnProSerAl *G I nAl aLeuGI yLeuGl yLysHi sAsn 

430 440 450 - 460 470 480 

TACTGCCGGAATCCTGATGGGGATGCCAACCCCTGGTGCCACGTGCTGAAGAACCCCAGG 
TyrCysArxAsftProAapGlyAspAl aLysProTrpCysHl sY*l LeuLysAsnArgArg 

490 500 510 520 530 540 

CTCACGTGGGAGTACTGTGAT.GTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGC 
LeuThrTrpGluTyrCyaA«pVaiProSerCysSerThrCysGtyLeuAr*GlnTyrSer 

550 560 S70 580 590 600 

CACCCACAGTTTGATATCATAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAG 
GtnProGlnPheAspnelleGlyGlyLeuPhcAlaAspI I eAlaSerHl sproTrpGi n 

510 620 630 540 650 650 

GCTGCCATCTTTGCCAAGCACAGGAGGTCGCCCGCAGAGCGGTTCCTGTGCGCGGGCATA 
AUAUIt ePhcAI •LyaHIsArsArsSerProClyGluAra'PheLeuCysGtyGly I I e 

670 680 690 700 710 720 

CTCATCAGCTCCTCCTCGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCC 
Leu I I eSerSerCysTrp[leLeuSerAI*Al4HlsCysPheClnGluAr£PheProPro 

730 740 750 760 770 780 

CACCACCTGACGGTGATCTTGGGCACAACATACCGGGTGGTCCCTGGCGAGCAGGAGCAC 
HlsHlaLeuThrVai neLeuGlyAr«ThrTyrArcVAlYAlProGlyGluCluGluGln 

790 800 810 820 830 840 

AAATTTGAAGTCGAAAAATACATTGTCCATAACGAATTCGATGATGACACTTACGACAAT 
LysPheGluValGluLy*Tyrl 1 eVal HI sLysGl uPhcAspAspAspThrTyrAspAsn 

850 860 870 880 890 900 ' 

GACATTGCCCTGCTGCAGCTGAAATCGCATTCGTCCCGCTGTGCCCAGGAGACCACCGTG 
Aspl 1 «AlaLeuLeuGlnLeuLy*SerA*pSerSorAriCy*AlaGl nGluSerSerVal 

910 920 930 940 950 960 

GTCCGCACTGTGTGCCTTCCCCCGGCGGACCTCCAGCTGCCGGACTCGACGGACTGTCAC 
ValArxThrValCysLeuProProAI aAspLeuGI nLeuProAspTrpThrGluCysGlu 

970 980 990 1000 1010 1020 

' CTCTCCGGCTACGGCAAGCATGAGCCCTTGTCTCCTTTCTATTCGGACCGGCTGAAGGAG 
LeuSerGl yTyrGlyLysHl sCl uAl aLeuSerProPheTyrSerGluArgLeuLysGlu 

1030 1040 1050 1060 1070 1030 

GCTCATGTCAGACTGTACCCATCCAGCCGCTCCACATCACAACATTTACTTAACAGAACA 
A! aHlaYal ArcLeuTyrProSerSerAr**CysThrSerGl nHI sLeuLeuAsnArrThr 

1090 1100 1110 1120 1130 * 1140 

GTCACCGACAACATGCTGTGTCCTGGAGACACTCGGAGCGGCGCGCCCCAGCCAAACTTG 
ValThrAspAsnHetUeuCysAlaGlyAspThrArffSerGlyGlyProGlnAlAAsnLeu 

1150 1160 1170 1180 1190 1200 

CACGACGCCTGCCAGGGCGATTCGGGAGGCCCCCTGCTGTGTCTGAACGATGGCCGCATG 
HlsAspAlaCysGlnGlyAspSftrGlyGlyProLeuValCysLeuAsnAspGlyArsMet 

1210 1220 1230 1240 1250* 1260 

ACTTTGGTGCCCATCATCAGCTCGGCCCTCGCCTGTGCACAGAAGGATGTCCCCGGTGTG 
ThrLeuYalGIynelleSerTrpGlyLeuGlyCysGtyGlnLysAspValProGlyVal 

1270 1280 1290 1300 1310 

TACACAAAGCTTACCAACTACCTAGACTCCATTCGTGACAACATCCGACCGTCA -3 1 
TyrThrLysValThrAsnTyrLeuAapTrp 1 1 eArgAapAan.Me lAr«Pro*** 



1NSDOC1D: <EP 0302456A1 J_> 



Fig. 36- DNA sequence of coding region in puTTtrp 

(Upper: Coding chain; * * 
Lower: Coded amino- acid sequence) 



10 20 30 40 50 60 

5 r -ATCTCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCACGCAC 
Me tSerGluGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGlyThrHis 
V-» UTT-bPA 

70 80 90 100 -110- # 120 

AGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATCATCCTGArAGGCAAG 
SerLeuThrGIuSerGlyAlaSerCysLeuProTrpAsnSerMetl leLeuI I eGlyLys 

130 140 150 160 170 ISO 

^ GTTTACACACCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
ValTyrThrAl aGlnAsnProSerAlaGlnAlaLeuGiyLeuGlyLysHisAsnTyrCys 

190 200 210 220 230 240 

CGGAATCCTGATGGCGATGCCAACCCCTCGTCCCACCTGCTGAAGAACCGCAGCCTGACG 
ArsAsnPro AspG L yAspAl aLysProTrpCysHl sVal LeuLysAsnArsArjjLeuThr 

250 260 270 280 290 300 

TGGGAGTACTGTGATGTCCCCTCCTGCTCCACCTGCGGCCTGAGACAGACTCTGCGTCCG 
TrpGluTyrCysAspValProSerCysSerThrCysGlyLeuAr^GlnThrLeuArgPro 

310 320 330 340 350 360 

CGGTTCAAAATCAAAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCC 
ArsPheLys M eLysG I yG lyLeuPheAl aAsp 1 1 eAl aSerHl sProTrpGl nAl aA 1 a 

370 380 390 40O 410 420 

ATCTTTGCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGCCATACTCATC 
I I ePheAl aLysHi sArsArgSerProGI yGl uArsPheLeuCysGl yGI yl I e Leu I 1 e 

430 440 - 450 460 470 480 

AGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCAC 
SerSerCysTrpI leLeuSerAlaAlaHisCysFheClnGluArgPheFroProHisHis 

490 500 510 520 530 540 

CTGACGGTGATCTTCGGCAGAACATACCGGGTGGTCCCTGCCGACGAGCACCACAAATTT 
Le uTh rVal 1 I eLeuC I yArgTh rTyr ArgVa I Ya 1 ProG lyGl uGl uGluGl nLysPhe 

550 560. 570 580 590 600 

GAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATT 
GluValGluLysTyrneValHisLysGlaPheAspAspAspThrTyrAspAsnAspr le 

610 620 630 640 650 660 

GCGCTGCTGCACCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGC 
AlaLeuLeuGlnLeuLysSerAspSerSerArsCysAlaGlnGluSerSerValValArg 

*" 670 680 690 70O 710 720 

ACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTCCCGGACTCGACGCAGTGTGAGCTCTCC 
ThrValCysLeuProProAlaAspLeuGlnLeuProAspTrpThrGluCysGluLeuSer 

730 740 750 760 770 780 

GGCTACGGCAAGCATGAGGCCTTCTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCAT 
Gl yTyrG 1 yLysHi sGl uA I aLeuSerProPheTyrSerGI uAr^LeuLysG I uAI aHi s 

790 800 810 820 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
ValAr«LeuTyrProSerSerAr«CysThrSerGlnKisLeuLeuAsnArsThrValThr 

* 850 860 870 880 890 900 

GACAACATGCTCTGTGCTCGAGACACTCGGAGCGGCCGGCCCCAGCCAAACTTGCACGAC 
AspAsnMetLeuCysAIaGIyAspThrArffSerGlyGlyProGlnAlaAsnLeuHLsAsp 

"\ 910 920 930 940 950 960 

' GCCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTG 
A 1 aCysG I nG 1 yAspSerG I yG I yProLeu Va I CysLeuAsnAspG 1 yAr*Me tThrLeu 

970 980 990 I'OQO 1010 1020 

jr?S? C ^T CATCAGCTGCCGCCTCGGCTGTGCACACA AGGATGTCCCGGGTGTGTACACA 
ValGl yl l el I eSerTrpG 1 yLeuG I yCysG 1 yG t nLysAsp Va I ProGI yVal TyrThr 

1030 1040 1050 1060 1070 

AAGGTTACCAACTACCTAGACTGGATTCGTCACAACATGCGACCGTGA -3* 
LysValThrAsnTyrLeuAspTrpC I eArffAspAsn.He tArgPro*** 



Fig. 37. DNA Sequence of coding region in pthTTtrp 
(Upper: Coding chain, Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 1 -ATGTCTGAGGGAAACAGTGACTGCTACTTTCGGAATGCGTCACCCTACCGTCGCACGCAC 
MetSerGtuGlyAsnSerAspCysTyrPheGl yAsnGtySerAl aTyrArgGl yThrHi s 

70 80 90 100 110 120 

AGCCTCACCGAGTCGGGTGCCTCCTCCCTCCCCTGGAATTCCATCATCCTCATAGGCAAG 
SerLeuTh rG I uSerG 1 yA 1 aSerCysLeuPr oTrp AsnScrMe 1 1 J eLeuI^eG 1 yLys 

130 140 150 160 170 180 

GTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
VaiTyrThrAlaGinAsnFroSerAlaGlnAl aLeuGlyLeuGl yLysHl sAsnTyrCys 

-c 

190 200 210 220 230 240 

CGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG 
ArgAsnProAspGiyAspAlaLysProTrpCysHisValLeuLysAsnArgArsLeuThr 

250 260 270 280 290 300 

TGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGCCCTGAGACAGTACAGCCAGCCA 
TrpGluTyrCysAspYalProSerCysSerThrCysGlyLeuArgGlnTyrSerGinPro 

310 320 330 340 350 360 

ATTCCTAGATCTGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATC 
I leProArgSerGiyGlyLeuPheAlaAspI 1 eAl aSerHlsProTrpGl nAl aAi all e 

370 380 390 400 410 420 

TTTGCCAAGCACAGGAGGTCGCCCCGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGC 
PheAlaLysHisArgArgSe'rProGlyGluArgPheLeuCysGlyGlyl l eLeuI leSer 

430 440 450 460 470 480 

TCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTG 
SerCysTrp r 1 eLeuSerAi a Al aHi sCysFheGl nG luArgFheProFroHi sHi sLeu 

490 500 510 S20 530 540 

ACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTTGAA 
ThrVal 1 1 eLeuCl yArgThrTyrArgYal YalProGlyGl uGl uGluGl nLysPheGiu 

550 560 570 580 590 600 

GTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATTGCG 
ValGluLysTyrI 1 eVaiHisLysGluPheAspAspAspThrTyrAspAsnAspI 1 eAl a 

• 610 620' '630 640 650 660 

CTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTCGTCCGCACT 
LeuLeuGl nLeuLysSerAspSerSerArgCysAI aGlnGluSerSerVal Val ArgThr 

670 680 690 700 710 720 

GTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAGCTCTCCCGC 
Va 1 CysLeuPr oPr o A 1 aAspLeuG 1 nLeuPr o AspTrpThrG I uCy.gG 1 uLeuSerC 1 y 

730 740 750 760 770 780 

TACGjSCAAGCATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCATGTC 
'TyrGlyLysHlsGluAl'aLeuSerProPheTyrSerGIuArffJLeuLysGiuAlaHisVal 

790 800 810 820 330 840 

AGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACACAACAGTCACCGAC 
Ar^LeaTyrProSerSerArgCysThrSerGlnHisLeuLeaAsnArffThrValThrAsp 

350 860 870 880 390 900 

„ AACATGCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCC 
AsnMetLeuCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeiiHlsAspAIa 

910 *920" * 930 940 950 960 

TGCCAGGGCGATTCGGGACGCCCCCTGGTGTGTCTGAACCATGGCCGCATGACTTTGGTG 
^ CysGlnGlyAspSerGiyGlyProLeUValCysLeuAsnAspGIyArsMetThrLeuVal 

970 980- -990 1000 1010 1020 

GGCATCATCAGCTGGGGCCTGGGCTCTGGACAGAAGCATGTCCCGGGTGTGTACACAAAG 
Clyt IeH eSerTrpGlyLeuClyCysGIyGI nLysAspValProClyValTyrThrLys 

1030 1040 • 1050 1060 

GTTACCAACTACCTAGACTGGATTCGTGACAACATGCCACCGTGA - 3 ' 
ValThrAsnTyrLeuAspTrpI 1 eArsAspAsnMe tArgPra*** 



MSDOCIO. <EP 0302456A1_L> 



EP 0 302 466 A1 



Pig. 38 . DNA sequence of coding region in pmTQkll2 

(Upper: Coding chain 
Lower: Coded amino acid sequence) 

_ 10 20 30 40 50 60 

5 — atcgatccaatcaagagacgcctctcctctctcctcctcctctgtgcaccactcttcctt 

Me tAspAI aMe ILysArgGlyLeuCysCysV&l LeuLeuLeuCysGl yAl aValPheVal 

70 80 90 100 110 120* 

TCGCCCAGCCACCAAATCCATGCCCCATTCAGAAGAGGACCCAGATCTTGCTACGAGGAC 
SerProSerGt nGl al 1 eHlsAlaArcPheArgArsGlyAl aAr^SerCysTyrGluAsp 

T — > -m JO UtPA 

130 140 ISO 160 170 A80 

cagggcatcagctacaggggcacgtcgagcacagcggagagtggcgccgagtgcacMac 
G I nG I y 1 1 eS e rT y r A r *G I yTh rTrpSerThrAI &G1 uSerClyAl aGI aCy s Thftis n 

190 200 210 220 230 240 

TCGAACAGCACCGCCTTCCCCCACAACCCCTACACCGGCCGGACGCCACACCCCATCAGG 
TrpAsnSerSerAlaLeuAlaGlnLysProTyrSerGlyAr&ArsProAspAlat leAr* 

2S0 260 270 280 290 .300 

CTGGGCCTGGGG A ACCAC A ACT ACTGC AG AA ACCC AG ATCG AG ACT C A A AGCCCTGGT CC 
LeuGlyLeuGlyAsnHlsAsnTyrCysArxAsnProAspAr^AspScrLysProTrpCys 

310 320 330 "340 V3SO - - 360 

TACGTCTTTAACGCGGGGAACTACAGCTCAGAGTTCTGCAGCACCCCTCCCTCCTCTGAG 
TyrYAlPheLysAlaGlyLysTyrSerSerGluPheCysSerThrProAtaCysSerGIu 

370 3 80 390 . 400 .410 420 

GGAAACAGTGACTGCTACTTTGGGAATGCGTCAGCCTACCGTGGCACGCACAGCCTCACC 
GlyAsnSerAspCysTyrPlieGlyAsnGlySerAlaTyrArsGlyThrHlsSerLeuThr 

430 440 . 450 460 470 480 

CAGTCGGGTGCCTCCTGCCTCCCCTGGAATTCCATGATCCTGATAGOCAAGGTTTACACA 
GluSerG l yA I aSerCysi.euProTrpAsnSer.Me 1 1 1 eLeul I eGlyLysYa ITyrThr 

490 " 500 510 520 . 530 540 

GCACAGAACCCCAGTGCCC AGGCACTGGGCCTGGGCAA ACATAATTACTGCCGCA ATCCT 
Al aGI nAsnProSerAl *G1 nA I aLeuGl yLeuCl yLysHl sAsnTyrCysArgAsnPro. 

550 560 570 580 590 600* 

GATGGGGATGCCA AGCCCTGGT GCCACGTCCTGAAGAACCGCACCCTGACCTGGGACT AC 
As pG t yAspA I aLys Pr o Tr pCy sH I s Va I LeuLy s As n ArxArsLeuTh rTrpG 1 uTy r 

610 - 620 . 630 640 650 .650. • - 

TGTGATGTGCCCTCCTGCTCCACCTGCCGCCTGAGACAGTACACCCAGCCTCAGTTTCGC 
; CysAspValProSerCysScrThrCysGIyLeuArsGlnTyrSerGtnProGlnPheArs 

i 670 680 690 ■ .700 710 720 

! . ATCAAAGCAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCACGCTGCCATCTTTGCC 
IteLysGlyGtyLeuPheAlaAspneAlaSerHisProTrpCInAlaAlallePheAta 

730 740 750 750 770 780 

AAGCACACCAGGTCGCCCCGAGAGCGGTrCCTGTGCCGGGGCATACTCATCAGCTCCTGC 
LysHlsArffArs^erProGlyGluArgPheLeuCysGlyGlylleLeuMeSerSerCys- . . 

790 800 SIO 820 830- 840 

TGGATTCTCTCTGCCCCCCACTCCTTCCAGGAGACGTTTCCGCCCCACCACCTGACGGTG 
TrpI teLeuScrAUA laHisCysPheG I nGl uArcPheProProHt sH Is LeuThrVal 

850 860 870 380 890 900 

ATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTTGAAGTCGAA 
1 1 eLeoGl yAr&ThrTyrArsV al Val ProGlyCt uGI uGt aCt nLyaPhefct aValGI u 

910 920 930 940 950 960 

AAATACATTGTCCATAAGCAATTCCATCATCACACTTACGACAATGACATTGCGCTGCTC 
LysTyr! leValHlsLysClaPheAspAspAspTferTyrAspAsnAspUeAIaLeuLeu 

970 980 990 1000 1010 1O20 

CAGCTGAAATCGGATTCGTCCCGCTGTGCCCACGAGAGCAGCGTGGTCCCCACTGTGTCC 
GInLeuLysSerAspSerSerArKCysAlaGlnGluSerSerVatValArffThrValCys 

1O30 1040 IOSO 106O 1070 1080 

CTTCCCCCGGCGG ACCT GCAGCTCCCGG ACTGC ACCC ACTGTGAGCTCTCCGGCTACGGC 
LeaProProAl aAspLeaCl nLeuPro AspTrpThrGl uCysGl uLeuSerG I yTyrGl y 

1090 . HOO - -1110 1120 1130 1140. 

AAGCATGAGCCCTTGTCTCCTTTCTATTCGGAGCCGCTGAAGGACCCTCATGTCAGACTC 
LysHlsGliUlaLeaSerProPKeTyrS«rGluArxLettLysGlaAlaHisValAr«Leu 

1150 1160 1170 H50 1190 1200 

TACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCCACAACATC. 
TyrProSerSerArtCysThrSerGlnHlsLeuLeuAsAArrTbrVaIThrAspAsn.Met 

1210 1220 1230 1240 -1250 1260 

CTGTGTCCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAG 
LeuCysAl aGI yAspThrArf SerGt yGlyProCl nAl aAanLeuHl s AspAl aCysG 1 n 

1270 1280 1290 1300 1310 1320 

GCCGATTCGCCAGGCCCCCTGCTGTGTCTGAACGATCGCCCCATGACTTTGGTGGGCATC 
Gl yAspSerGl yGlyProLeaValCysLeuAsnAspGl yAr;Me tThrteuVa tGI yl 1 e 

1330 1340 1350 1360 1370 1380 

ATCAGCTGCCGCCTCGGCTGTCGACAGAACCATGTCCCGGGTGTGTACACAAAGGTTACC 
1 1 eSerTrpCl yLeuGt yCysG I yG I nLysAspVa t ProCt yVa ITyrThrLysVa IThr 

1390 1400 1410 1420 

AACTACCTAGACtGGATTCGTGACAACATGCGACCGtGA - 3 « . . . > 

AsnTyrLeuAapTrpf I eArs AspAsn.He tAr«Pro*** 
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Fig. 39 . DNA sequence of coding region in.pmTTk 

(Upper: Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 SO 60 

5 1 - ATGGATGCAATCAACAGAGGGCTCTGCTGTGTCCTCCTGCTGTGTGCAGCAGTCTTCGTT 
He t Asp A I aHe tLysArgG 1 yLeuCysCysVal LeuLeuLeuCysGl yAl aVal PheVa I 

70 80 90 100 110 120 

TCGCCCAGCCACGAAATCCATGCCCGATTCAGAAGAGGAGCCAGATCTCAGCGAAACAGT 
SerProSerGlnGluMeKisAl aAr^PheArgArgGlyAlaArgSerGluGlyAsnSer 

i-* TT^tPA 

130 140 ISO 160 *~170~ -^J 180 

-GACTGCTACTTTCGGAATCGGTCAGCCTACCGTGGCACGCACACCCTCACCCAGTCGGGT 
AspCysTyrPheGl yAs nGl ySerAl aTyrArs*Gl yThrHl sSerLeuThrGl uSerG t y 

190 200 210 220 230 240 

GCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAGGTTTACACAGCACAGAAC 
AlaSerCysLeuProTrpAsnSerMetUeLeuI leGlyLysVaiTyrThrAIaCl nAsn 

250 260 270 280 290 300 

CCCACTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGATGGGGAT 

ProSerAl aGlnAl aLeuGlyLeuGlyLysHi sAsnTyrCysArgAsnProAspGlyAsp 

310 320 330 340 350 360 

GCCAACCCCTGGTGCCACGTGCtGAAGAACCGCAGGCTGACGTGGGACTACTGTGATGTG 
AlaLysProTrpCysHlsYalLeuLysAsnArsArA-LeuThrTrpCluTyrCysAspYal 

370 380 390 400 410 420 

CCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGA 
ProSerCysSerThrCysClyLeuArffGl nTyrSerGlnProGlnPheArsI 1 et-ysGly 

'430 440 450 460 470 430 

GGGCTCTTCGCCGACATCCCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAGG 
GlyLeuPheAlaAspI I eAlaSerHlsProTrpGl nAiaAl a! lePheAl aLysHt sAr£ 

490 500 510 520* 530 540 

AGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCACCTCCTGCTGGATTCTC 
Ar*SerProGlyGluAr£PheLeuCysGlyGlyI leLeuHeSerSerCysTrpI 1 eLeu 

550 S60 570 S80 590 600 

TCTGCCGdCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGACGGTGATCTTGGGC 
SerAlaAJ aHl sCysPheGl nGJ uArgPheProProHI *Hi sLeuThrYal I ieLeuGly 

610 620 630 640 650 660 

ACAACATACCGGGTGGTCCCTGGCCAGCAGGAGCAGAAATTTGAAGTCCAAAAATACATT 
ArsThrTy r Ar* Va 1 Va 1 ProGl yG 1 uG 1 uG I uG 1 nLy s PheG luValGl uLysTy r 1 1 e 

670 680 690 700 710 720 

GTCCATAAGGAATTCGATGATGACACTTACGACAATGACATTGCGCTGCTGCAGCTGAAA 
ValHlsLysGl uPheAspAspAapThrTyrAspAsnAsp! 1 eAl aLeuLetiGlnLeuLys 

730 740 750 . 760 770 780 

TCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCG 
SerAspSerSerArsGys A I aG InGl uSerSerYal Yal Ar^ThrVa ICysLeuProPro 

790 800 810 820 ?30 840 

GCGGACCTGCAGCTGCCGGACTGGACGCAGTGTGAGCTCTCCGGCTACGGCAAGCATGAG 
A 1 aAspLeuGl nLeuPro AspTrpThrG 1 uCy sGi uLeuSerC 1 yTy rG I yLysH I sGlu 

850 860 870 880 890 9O0 

GCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCCATCC 
Al aLeuSerProPheTy rSerGl uAr&LeuLysG 1 uA 1 aHl 3 Va I ArsLetiTyrProSer 

910 920 930 940 950 960 

ACCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCCACAACATGCTGTGTGCT 
SerArgCysThrSerGlnHlsLeuLeuAsnAr&ThrValThrAspAsnMetLeuCysAla 

. 970 980 990 1000 1010 . .V 1020 

GGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGATTCG 

GlyAspThrAr^SerGlyGlyProGl nAl aAsnLeuHlaAspAl aCysCI nGlyAspSer 

1030 1040 1050 1060 1070 1080 

CCAGGCCCCCTCGTGTGTCTGAACGATGGCCGCATGACTTTGGTCGGCATCATCAGCTGG 
GlyGIyProLeuValCysLeuAsnAspGlyArxMetThrLeuValGlyllelleSerTrp 

1090 1100- 1110 1120 1130 1140 

GCCCTGGGCTGTGGACAGAAGGATCTCCCGGGTGTGTACACAAACGTTACCAACTACCTA 
GlyLeuGlyCysGlyGlnLysAspVal ProGl yValTyrThrLysYalThrAsciTyrLeu 

1150 1160 1170 

GACTGCATTCGTGACAACATGCGACCGTGA - 3 ' 
AspTrp [ 1 eAr«AspA3nMetAr«Pro*** 



BNSOOCID: <EP. 
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Fig. 40 . DMA sequence of coding- region in pmSTTk 
(Upper: Coding ch^in 
Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 * _ ATCGATGCAArCAACACACCCCTCTGCTCTGTCCTCCTCCTCTGTCCACCACTCTTCCTT 
He I AspAl aMe tLysArxGl yLeuCysCys Va ILeuLeuLeuCysGl yAl aVaH PhcYaj* 

70 30 90 100 110 120 

TCCCCC AGCC ACG A A ATCC ATGCCCG ATTC AG A AG AGG AGCC AG ATCTGAG GG A A ACAGT 
SerProSerGlnClulleHlsAlaArxPheArxArxGtyAlaArsSerGluClyAsnSer 

*-» STTl<±9A 

130 140 ISO 160 170 180 

GACTCCTACTTTGCGAATGGGTCAGCCTACCGTGGCACCCACAGCCTCACCGAGTCGGGT 
AspCysTyrPheCIyAsnClySerA^aTyrArxGtyThrHlsSerLeuThrGluSerGly 

190 -200 210 220 230 240 

GCCTCCTGCCTCCCGTCGAATTCCATGATCCTCATAGGCAAGGTTTACACACCACAGAAC 
AlaSerCysLauProTrpAsnSerMel I leLeuI I eGlyLysValTyrThrAl aGt nAsn 

250 260 270 28Q 290 300 

CCCAGTGCCCAGGCACTGCCCCTGCGCAAACATAATTACTCCCGGAATCCTGATGGCCAT 
ProSerAl aGl nAl aLeuGlyLeuGlyLysHl sAsnTyrCysArxAsnProAspGl yAsp 

310 320 330 340 3S0 360 

GCCAACCCCTGGTCCCACCTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTG 
AlaLysProTrpCysHlsValLeuLysAsnArxArxLeuThrTrpGlttTyrCysAspYal 

i 

370 " 380 390 400* 410 420 

CCCTCCTCCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCACAGTTTGATATCAAAGGA 
ProSerCysSerThrCysGlyLettArxGl nTyrSerGl nProGlnPheAsp t 1 eLysGly 

430 440 4SO 460 470 480 

GGCCTCTTCCCCGACATCGCCTCCCACCCCTGGCACGCTCCCATCTTTGCCAAGCACAGG 
GlyLeuPheAl a As p 1 1 eAlaSerHlsProTrpC! nAl aAIal I ePheAl aLysHtsArx 

490 500 510 520* ' 530 540 

AGGTCGCCCCGAGACCCGTTCCTGTGCGGCCGCATACTCATCAGCTCCTGCTGGATTCTC 
ArxSerProClyGluArxPhaLeuCysClyCtyl leLeul ! eSerSerCysTrpI leLeu 

550 560 570 580 • 590 600 

tctgccgcccactgcttccaggagacgtttccgccccaccacctgacggtgatcttgggc 

SerAlaAl aHlaCysPheGlnGluArxPheProProHisHlsLeuThrVal [ leLeuGly 

610 620 630 640 650 ' 660 

ACAACATACCGGGTGGTCCCTGGCCACGACCACCAGAAATTTGAAGTCGAAAAATACATT 
ArxThrTyrArxV«lY»lProGtyGluCluGluGlnC.ysPheGluVa.lGluLysTyr t le 

670 880 690 700 710 720 

GTCCATAAGGAATTCGATGATGACACTTACGACAATGACATTGCGCTGCTGCACCTGAAA 
ValHlsLysGluPheAspAspAspThrTyrAspAsnAspt leAlaLeuLeuGlnLeuLys 

730 740 750 760 770 780 

TCGGATTCGTCCCGCTCTCCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCG 
SerAspSerS«rArxCysAUGlnCluS«r5«rYalY*lArxThrYalCysLettProPro 

790 800 810 820 830 840 

GCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAGCTCTCCCCCTACGCCAACCATCAG 
Al aAs pLeuG I nLeuPro As pTrpThrGI uCysGl uLeuSe rGl yTyrG I yLysHl sGlu 

850 860 STO * 880 390 900 

GCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGACGCTCATGTCAGACTGTACCCATCC 
Al aLeuSer?roPh*TrrS«rGluArsLeuLysGluALaKlsVal ArjrLeuTyrPreSer 

9X0 920 930 940 950 960 

AGCCGCTCCACATCACAACATTTACTTAACAGAACAGTCACCGAGAACATGCTGTGTGCT . 
S er ArxCysThrSerG inHl sLeuLeuAsn ArxThrVa I ThrAs p As nMe tLeaCys A 1 a 

970 930 990 1000 ' 1010 , 1020 

GG AG A C ACTCGG AGCG GCC GGCCCCAGGC A A ACTTGC ACG AC GCCTGCCACGGCG A TTCG 
C I yAapThrArxSerG I yG I yProG I nA I aAsnLeuH Is As pAlaCyaG I nG I yAspSer • 

1030 1040 10SO 1060 1070 1030 

CGACCCCCCCTGGTGTGTCTGAACGATGGCCCCATGACTTTGGTG6GCATCATCAGCTCG 
GlyGlyProteuVatCysLeaAsnAspGlyArxMeiThrLeu/alGlylSelleSerTrp 

1090 1100 1110 1120 1130 1140 

GGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTCTGTACACAAAGGTTACCAACTACCTA 
GLyLauClyCysClyGlnLysAspValProGtyVatTyrThrLysValThrAsnTyrLeu 

1150 * 1160 1170 

GACTGCATTCGTCACAACATGCGACCGTGA - 3 ' 

AspTrp r t «ArxAspAsnNe t ArxPro»*« ^ 1 _ 
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